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SATELLITE CL I MATOLOGY 

K .  Ya. Kondrat’yev 

ABSTRACT. The s u c c e s s f u l  func t ion ing  of meteorological  space 
systems i n  t h e  USSR and USA has r e s u l t e d  i n  a s i t u a t i o n  where 
t h e  volume o f  s a t e l l i t e  meteorological  information exceeds 
by f a r  t h e  volume o f  a l l  t h e  usual  meteorological  d a t a  
accumulated du r ing  many decades.  The g i g a n t i c  amount o f  
d a t a  from s a t e l l i t e  meteorological  obse rva t ions  and t h e i r  
global  n a t u r e  have introduced t h e  problem o f  u t i l i z i n g  a l l  
t hese  d a t a  f o r  c l ima to log ica l  i n v e s t i g a t i o n s .  F i r s t  o f  a i l  
a g e n e r a l i z a t i o n  has been undertaken o f  t h e  r e s u l t s  o f  
s i m i l a r  i n v e s t i g a t i o n s  i n  t h e  a r e a  of  s a t e l l i t e  c l imatology.  
The problem o f  t h e  c l a s s i f i c a t i o n  of c loudiness  on t h e  
b a s i s  of  s a t e l l i t e  d a t a  and the  r e g u l a r i t i e s  of  t h e  
p l a n e t a r y  d i s t r i b u t i o n s  o f  cloud cover have been d i scussed  
thoroughly.  The p o s s i b i l i t i e s  o f  working out  semiempirical  
procedures have been d i scussed  f o r  determining t h e  f i e l d s  
of temperature ,  moisture  c o n t e n t ,  p r e c i p i t a t i o n ,  v e r t i c a l  
motions, and t h e  d i s t r i b u t i o n  o f  snow and i c e  covers  on 
the  b a s i s  o f  u t i l i z i n g  t e l e v i s i o n  and i n f r a r e d  information 
and a l s o  on the  b a s i s  o f  information about t h e  emergent 
r a d i a t i o n  f i e l d s  i n  va r ious  regions o f  t he  s p e c t r a .  The 
d i s t i n c t i v e  f e a t u r e s  of t h e  spa t i a l - t empora l  v a r i a b i l i t y  
o f  t h e  g loba l  r a d i a t i o n  balance o f  t h e  Earth-atmosphere 
system and i t s  components a r e  analyzed i n  d e t a i l .  A com- 
pa r i son  of  t h e  d a t a  o f  t h e  experimental  and computational 
r a d i a t i o n  cl imatology of  t h e  Earth is made. 

s p e c i a l i s t s  i n  t h e  area o f  meteorology and atmospheric 
physics  f o r  space r e s e a r c h ,  and a l s o  f o r  graduate  s t u d e n t s  
and s t u d e n t s  i n  advanced courses  o f  t h e  corresponding 
s p e c i a l t i e s .  

This book may be  o f  i n t e r e s t  t o  a broad group o f  

INTRODUCTION 

The abundance o f  meteorological  d a t a  obtained with t h e  h e l p  o f  t h e  

numerous ground-based weather s t a t i o n s  has  p r e s e n t l y  made t h e  con t inua t ion  

of  t h e  t r a d i t i o n  o f  p u t t i n g  o u t  c l ima to log ica l  handbooks con ta in ing  a l l  t h i s  

information p r a c t i c a l l y  impossible .  The requirement has  a r i s e n  t o  work ou t  
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and apply new, more economic, and b igge r  c a p a c i t y  methods f o r  s t o r i n g  t h i s  

information.  

climatology from t h e  d a t a  o f  t h e  usua l  meteorological  obse rva t ions  c o n s t i t u t e s  

i n  a l l  only t h e  e s s e n t i a l  f e a t u r e s  o f  t h e  climatic cond i t ions  of t h e  populated 

p a r t s  o f  c o n t i n e n t s .  

d i f f i c u l t  t o  r each ,  t h e i r  c l i m a t i c  cond i t ions  are known only on t h e  b a s i s  

of t h e  u t i l i z a t i o n  of d a t a  from i s l a n d  s t a t i o n s ,  comparatively few s h i p  

s t a t i o n s ,  and o t h e r  obse rva t ions .  Such a cond i t ion  o f  t h e  c l i m a t i c  

s t a t i s t i c s  s e r i o u s l y  r e s t r a i n s  t h e  development o f  phys i ca l  and dynamical 

c l imatology (up t o  t h e  p r e s e n t  t i m e ,  f o r  example, t h e r e  i s  not  enough 

r e l i a b l e  d a t a  concerning r a i n f a l l  over  t h e  oceans,  s i n c e  t h e  d a t a  o f  i s l a n d  

s t a t i o n s  can s c a r c e l y  be considered t o  be r e p r e s e n t a t i v e ) .  

And n e v e r t h e l e s s  eve ry th ing  which i s  a v a i l a b l e  t o  us now i n  

Concerning the  oceans and t h e  regions which are 

The appearance o f  meteorological  s a t e l l i t e s  has  introduced r a d i c a l  

changes from t h e  p o i n t  of  view o f  t h e  p o s s i b i l i t i e s  o f  f u r t h e r  development 

o f  g loba l  and r eg iona l  climatology [l, 2 1 .  In  t h e  f i r s t  p l a c e ,  f o r  example, 

success  has  been achieved i n  ob ta in ing  ex tens ive  d a t a  on t h e  climatology of 

our  p l a n e t ' s  thermal balance on t h e  b a s i s  o f  experiments [ 3 ] .  The presence 

of a l a r g e  number o f  t e l e v i s i o n  and i n f r a r e d  images o f  cloud cover ,  which 

c h a r a c t e r i z e  t h e  d i s t r i b u t i o n  o f  c loudiness  over  t h e  E a r t h ' s  e n t i r e  s u r f a c e  

a t  d i f f e r e n t  t imes,  has  made it p o s s i b l e  t o  c o n s t r u c t  o b j e c t i v e  maps of  t h e  

g loba l  cloud cover.  

But a t  t he  same time it should be emphasized t h a t  only i n  1969 were the  

f i r s t  s t e p s  taken i n  t h e  d i r e c t i o n  o f  u t i l i z i n g  s a t e l l i t e s  f o r  sounding 

the  atmosphere with t h e  aim o f  ob ta in ing  d a t a  about such b a s i c  meteorological  

elements as t h e  temperature and humidity of t h e  a i r  [4,  951. Concerning 

t h e  determinat ion of  atmospheric p re s su re ,  wind v e l o c i t y ,  r a i n f a l l ,  and 

a number o f  o t h e r  meteorological  elements by means o f  s a t e l l i t e s ,  t h e  

p rospec t s  he re  have s t i l l  not been def ined with s u f f i c i e n t  c l a r i t y .  

Although t h e  f i r s t  decade o f  t h e  development o f  s a t e l l i t e  meteorology, 

which concluded i n  1970, has been marked by successes  i n  ob ta in ing  d a t a  only 

about t he  p l a n e t a r y  cloud cover and t h e  emergent r a d i a t i o n  ( i n  t h i s  r e spec t  

s a t e l l i t e  meteorology has  developed somewhat one - s ided ly ) ,  it i s  p o s s i b l e  t o  

/4 



I .  

s t a t e  with complete d e f i n i t e n e s s  t h a t  a new d i r e c t i o n ,  which can be c a l l e d  

s a t e l l i t e  cl imatology,  has  a r i s e n  i n  t h e  yea r s  p a s t  and has  been widely 

developed. The e s s e n t i a l  con ten t  o f  t h i s  s e c t i o n  of  climatology i s  p r e s e n t l y  

a s s o c i a t e d  mainly with t h e  i n v e s t i g a t i o n s  o f  r e g u l a r i t i e s  i n  t h e  p l a n e t a r y  

d i s t r i b u t i o n  o f  cloud cover and t h e  emergent r a d i a t i o n  f i e l d s  i n  va r ious  

regions o f  t h e  s p e c t r a .  However, t h e  presence o f  var ious and s t a b l e  connect ions 

o f  t h e  cloudiness  and emergent r a d i a t i o n  f i e l d s  with many o t h e r  meteorological  

parameters have a l s o  made p o s s i b l e  t h e  i n v e s t i g a t i o n  o f  t h e  temperature 

f i e l d s  o f  t h e  underlying s u r f a c e  ( inc lud ing  the  oceans) and t h e  lower 

s t r a t o s p h e r e  as wel l  as t h e  f i e l d s  of t h e  g e o p o t e n t i a l ,  v e r t i c a l  motions, 

and many o t h e r  c h a r a c t e r i s t i c s .  The images o f  t h e  underlying s u r f a c e  obtained 

i n  t h e  absence o f  c louds 'have  pe rmi t t ed  s tudying r e g u l a r i t i e s  i n  t h e  d i s t r i -  

bu t ion  o f  snow and i c e  cover.  Recent measurements o f  t h e  microwave 

emergent r a d i a t i o n  from t h e  Kosmos-243 s a t e l l i t e  [ S ,  6 ,  931 have revealed 

d e f i n i t e  p rospec t s  f o r  o b t a i n i n g  d a t a  about t h e  amount o f  water vapor and 

l i q u i d  water  i n  t h e  atmosphere's  i n t e r i o r  and f o r  determining the  s t a t e  o f  

t h e  s e a ' s  s u r f a c e ,  t h e  wind v e l o c i t y ,  and s o  on. I t  cannot be doubted 

t h a t  i n  the  f u t u r e  s a t e l l i t e s  w i l l  become t h e  main source o f  information 

c h a r a c t e r i z i n g  t h e  d i s t i n c t i v e  f e a t u r e s  o f  o u r  p l a n e t ' s  c l ima te  i n  a l l  i t s  

v a r i e t y .  P r e s e n t l y ,  t h e  concept of  s a t e l l i t e  meteorology has a l r eady  

become famil iar .  The concept o f  s a t e l l i t e  climatology w i l l  occupy j u s t  

as permanent a p l ace  i n  t h e  meteorological  d i c t i o n a r y .  

We should emphasize t h a t  from t h e  p o i n t  o f  view o f  climatology s a t e l l i t e  

measurements a r e  va luab le  no t  on ly  by v i r t u e  o f  t h e i r  g loba l  n a t u r e  but  a l s o  

i n  t h e i r  unique c a p a b i l i t y  t o  f u r n i s h  information about such c h a r a c t e r i s t i c s  

(components o f  t h e  r a d i a t i o n  balance o f  t he  Earth-atmosphere system, t h e  

s p a t i a l  d i s t r i b u t i o n  o f  c loud iness ,  and s o  on) a s  could be adequately 

determined only with t h e  h e l p  o f  s a t e l l i t e s .  

measurements o f  average q u a n t i t i e s  has  l i t t l e  value.  I t  i s  s u f f i c i e n t  t o  

r e c a l l  i n  connection with t h i s  f a c t  t h a t ,  f o r  example, i n  t h e  c o n s t r u c t i o n  

o f  climatic maps on t h e  b a s i s  of  ground-based d a t a  it i s  necessary t o  

e x t r a p o l a t e  a r b i t r a r i l y  t h e  d a t a  of  i n d i v i d u a l  s t a t i o n s  ove r  v a s t  t e r r i t o r i e s .  

The instruments  mounted on a s a t e l l i t e  o f f e r e d  t h e  p o s s i b i l i t y  o f  ob ta in ing  

The p o s s i b i l i t y  o f  making d i r e c t  
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r e s u l t s  o f  measurements which refer t o  d i f f e r e n t  s c a l e s  of s p a t i a l  averaging,  

from t h e  very small t o  m i l l i o n s  o f  square k i lome te r s .  In  t h e  case o f  

determining t h e  v e r t i c a l  temperature p r o f i l e  from d a t a  o f  s a t e l l i t e  

s p e c t r a l  measurements o f  t h e  emergent r a d i a t i o n ,  three-dimensional averaging i s  
c a r r i e d  o u t :  

instruments  which have a corresponding view ang le ,  and over  t h e  v e r t i c a l ,  

because o f  t h e  information r e s t r i c t i o n  o f  t h e  measurement d a t a  which permits  

f i nd ing  only a smooth temperature p r o f i l e  [4] .  

over  a r e a  (of  t h e  o r d e r  o f  l o 4  km2), because o f  t h e  use o f  

Although s a t e l l i t e  c l imatology has  only j u s t  been conceived, t h e  presence /5  
s u f f i c i e n t l y  vast  amount o f  obse rva t iona l  d a t a ,  whose r e s u l t s  have been 

analyzed i n  t h e  l a r g e  number o f  papers  publ ished up t o  the. p r e s e n t  time, 

introduces t h e  n e c e s s i t y  o f  gene ra l i z ing  t h e  accumulated d a t a .  I t  i s  even 

more important t o  c a r r y  ou t  t h i s  g e n e r a l i z a t i o n  i n  view of t h e  approximate 

t imes f o r  ca r ry ing  ou t  t h e  Program f o r  t h e  I n v e s t i g a t i o n  of  Global Atmospheric 

Processes (PIGAP). 

ca r ry ing  ou t  PIGAP and t h e  subprograms preceding it (experiments - -  t r o p i c a l ,  

Atlaritic, p o l a r ,  energy, and s o  on) appears t o  be ob ta in ing  meteorological  

information (both t h e  usua l  and s a t e l l i t e ) ,  which appears  t o  be an important 

c o n t r i b u t i o n  t o  t h e  subsequent development o f  c l imatology.  

There i s  no doubt t h a t  one o f  t h e  important  r e s u l t s  of  

We t u r n  now t o  a s t ep -by- s t ep  d i scuss ion  of  t h e  r e s u l t s  obtained 

1. Cloud Cover 

The l a r g e  volume o f  d a t a  r e l a t i v e  t o  cloud cover which has  been obtained 

with t h e  h e l p  o f  meteorological  s a t e l l i t e s  has pe rmi t t ed  first o f  a l l  working 

o u t  very d e t a i l e d  c l a s s i f i c a t i o n s  o f  c loud iness  observed from space [ 2 ,  71. 

One o f  t h e s e  c l a s s i f i c a t i o n s  has  been proposed by D. M. Sonechkin [8] on t h e  

b a s i s  of an a n a l y s i s  of  t e l e v i s i o n  information ob ta ined  with t h e  he lp  of 

s a t e l l i t e s  of  t h e  Sov ie t  "Meteor" meteorological  space system. 

C 1  ass i f ica t  ion o f  C 1  oudines s 

A s  D.  M. Sonechkin has  shown, t h e  t e x t u r e  ( s t r u c t u r e  o f  t h e  f i n e s t  

d e t a i l s )  of an image ( the  s p a t i a l  r e so lv ing  power o f  t h e  t e l e v i s i o n  images 

of t h e  e a r t h  obtained with t h e  h e l p  o f  Sov ie t  meteorological  s a t e l l i t e s  of 

4 



t h e  "Meteor" system amounts t o  about 1 x 1 km) i s  t h e  most i n fo rma t ive  

f a c t o r  from t h e  p o i n t  o f  view o f  t h e  e s s e n t i a l  f e a t u r e s  o f  t h e  form and 

amount o f  c louds.  Therefore ,  it was p r e c i s e l y  t h e  t e x t u r e  which was taken 

by Sonechkin as t h e  b a s i s  o f  h i s  c l a s s i f i c a t i o n  o f  t y p i c a l  images. The 

s t r u c t u r e  o f  l a r g e  d e t a i l s  was a l s o  u t i l i z e d ,  bu t  as a secondary i n d i c a t i o n .  

This kind of c l a s s i f i c a t i o n  i n d i c a t e d  t h e  ex i s t ence  o f  t h r e e  b a s i c  types 

o f  t e l e v i s i o n  images: d u l l ,  g r a n u l a r ,  and f i l amen ta ry .  

The presence o f  any nonuniformit ies  i n  t h e  image's t one  i s  c h a r a c t e r i s t i c  

f o r  t h e  d u l l  t e x t u r e  (see column 5 o f  Figure 1 ) .  As is  e v i d e n t ,  t h e  

t e l e v i s i o n  images d i f f e r  i n  a s p e c i f i c  case only i n  b r i g h t n e s s  ( t h e  use o f  

seven b r i g h t n e s s  g rada t ions  is  , o f  course,  a r b i t r a r y )  . Such images are 

c h a r a c t e r i s t i c  of c loud les s  s e c t i o n s  o f  a water  s u r f a c e ,  d ry  lands i n  

regions o f  s u f f i c i e n t  moisture  (5 E ,  F ,  G ) ,  a r i d  s e c t i o n s  o f  dry land 

(5 D ,  E ) ,  continuous ice o r  snow cover  (5  A ,  B ,  C ,  D ) ,  and continuous 

s t r a t u s  c loudiness  (5 A,  B ,  C ) .  We should emphasize, however, t h a t  t h e  

b r i g h t n e s s  of  an image i s  no t  a d i s c r i m i n a t i n g  i n d i c a t o r ,  s i n c e  t h e  most 

va r i ed  o b j e c t s  can possess  p r a c t i c a l l y  t h e  i d e n t i c a l  b r i g h t n e s s  ( f o r  example, 

clouds and snow). 

The granu la r  t e x t u r e  of  an image (see columns 1 and 2 o f  Figure 1) i s  

c h a r a c t e r i z e d  by t h e  presence o f  c l u s t e r s  o f  s p o t s  o f  l i g h t  o r  dark tone .  

The s m a l l e s t  b r i g h t  s p o t s  (g ra ins )  u s u a l l y  correspond t o  cumulus clouds 

(1 D,  E ,  F ,  G) . Dark g r a i n s  on a b r i g h t  background (1 A) i n d i c a t e ,  as a 

r u l e ,  t h e  e x i s t e n c e  o f  s t ra tocumulus clouds (openings i n  t h e  clouds s t a n d  

o u t  as g r a i n s ) .  However, cumulus clouds i n  the  zone o f  t h e  Sunls b r i g h t  s p o t  

can have t h e  appearance o f  dark s p o t s  (1 C ) .  Dark s p o t s  correspond no t  t o  

t h e  clouds themselves bu t  t o  t h e i r  shadows. Gaps and t h i n  s p o t s  i n  t h e  

s e a  i c e  a l s o  appear as dark s p o t s  ( 1  B ) ,  b u t  they d i f f e r  i n  t h e  a n g u l a r i t y  

and sharpness  o f  t h e i r  o u t l i n e s .  The l a r g e  b r i g h t  g r a i n s  r e p r e s e n t  t h i c k  

cumulus clouds ( 2  B ) ,  s t ra tocumulus cloudiness  ( 2  A ,  C y  E ) ,  and altocumulus 

clouds ( 2  D) , and a l s o  combinations o f  t h e s e .  

5 



Figure 1. 
of Cloudiness and the Earth's Surface. 

Typical Textures of Television Images 
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Figure 2 .  T-ypical Mesostructures  o f  Tele-  
v i s i o n  Images o f  Cloudiness and t h e  E a r t h ' s  
Surf  ace.  
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The e x i s t e n c e  o f  l ineaments ,  f i l a m e n t s ,  and bands with i n d i s t i n c t  

edges, which ref lect  t h e  presence o f  c loud iness  o f  t h e  in t e rmed ia t e  and 

upper l e v e l s ,  is c h a r a c t e r i s t i c  f o r  t h e  f i l amen ta ry  t e x t u r e  o f  an image 

(see column 4 o f  Figure 1 ) :  f o r  example, compact c i r r u s  a g a i n s t  a background 

o f  dry land (4 A ) ,  st ratocumulus clouds (4 C) , and so f o r t h .  However, some- 

times it i s  p o s s i b l e  t o  observe t h e  E a r t h ' s  s u r f a c e  (4  D ) ,  r i v e r  v a l l e y s ) ,  

chains  o f  small cumulus clouds (4 G )  , and so on. 

Figure 2 i l l u s t r a t e s  an example o f  the c l a s s i f i c a t i o n  o f  l a r g e  

(mesoscale) s t r u c t u r e s  o f  cloud formations.  This very branched c l a s s i f i c a t i o n  

includes a l a r g e  number o f  va r ious  o b j e c t s .  One o f  t h e  most t y p i c a l  c a t e g o r i e s  

are cloud v o r t i c e s  (column 1 o f  Figure 2 ) .  Large-scale v o r t i c e s  (1 A, B ,  C ,  D) 

belong most o f t e n  t o  occluded e x t r a t r o p i c a l  and t r o p i c a l  cyclones.  The most 

f r e q u e n t l y  observed mesoscale v o r t i c e s  by far  arise on t h e  leeward s i d e  of 

i s l a n d s  (1 B ,  G )  .. n e a r  t h e  high c o a s t s  o f  c o n t i n e n t s  (1 E).  

In Columns 2-5 o f  Figure 2 a r e  p re sen ted  as an example, t h e  images 

observed most o f t e n  which do no t  have geomet r i ca l ly  c o r r e c t  mesostructure .  

Thus, f o r  example, frames 2 A, B ,  and C r e p r e s e n t  combinations o f  c i r r u s  

and cumulus c loud iness ,  but  2 D,  E ,  F ,  and G correspond t o  t h e  presence 

o f  j u s t  cumuliform clouds o f  t h e  in t e rmed ia t e  and lower l e v e l s .  Images 

l a r g e l y  o f  t h e  E a r t h ' s  s u r f a c e  are reproduced i n  columns 4 and 5 .  

The use o f  c l a s s i f i c a t i o n  o f  t e l e v i s i o n  images f o r  t h e  purpose o f  

i d e n t i f y i n g  cloud systems makes it p o s s i b l e  t o  i d e n t i f y  more r e l i a b l y  t h e  

weather-forming processes  from t h e  c h a r a c t e r i s t i c  p e c u l i a r i t i e s  o f  t h e  

cloudiness  s t r u c t u r e .  

Climatology o f  Cloudiness and Snow Cover 

The l a r g e  volume o f  d a t a  r e l a t i v e  t o  t h e  p l a n e t a r y  d i s t r i b u t i o n  o f  

cloud cover which has  been obtained with t h e  h e l p  o f  meteorological  

s a t e l l i t e s  has  pe rmi t t ed  beginning i n  r e c e n t  yea r s  a comparison o f  world 

maps o f  c loudiness  f o r  va r ious  d a t e s .  A t  t he  Hydrometeorological Research 12 
Center o f  t h e  USSR such maps have been compared from March 1965 and a r e  
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cons t ruc t ed  f o r  t h e  no r the rn  and southern hemispheres i n  s t e r e o g r a p h i c  

p r o j e c t i o n  a t  a s c a l e  o f  1:30,000,000 [9 ] .  In a d d i t i o n ,  maps are a l s o  

cons t ruc t ed  o f  t h e  cloudiness  o f  t h e  t r o p i c a l  zone (45" N .  Lat. -- 45" S .  Lat . )  

i n  Mercator p r o j e c t i o n  a t  t h e  same s c a l e .  In  those  cases  i n  which it  i s  

p o s s i b l e ,  t h e  s a t e l l i t e  d a t a  are supplemented by t h e  r e s u l t s  o f  t h e  observa- 

t i o n s  o f  ground-based s t a t i o n s .  An a n a l y s i s  o f  t h e  maps of cloud cover has  

pe rmi t t ed  a d e t a i l e d  s tudy  o f  t h e  r e g u l a r i t y  o f  t he  spa t i a l - t empora l  

v a r i a b i l i t y  o f  c loud iness .  Fo r  example, it has been discovered t h a t  although 

t h e  d i s t r i b u t i o n  of  clouds over  t h e  no r the rn  hemisphere i s  v a r i a b l e  both i n  

space and i n  time, t h e  amount o f  clouds above t h e  hemisphere as a whole 

v a r i e s  comparatively l i t t l e  from day t o  day and from month t o  month. During 

June,  J u l y ,  and August o f  1965 v a r i a t i o n s  i n  the  a r e a  o f  t h e  hemisphere 

covered by clouds d i d  not  exceed 10%.  The s p a t i a l  d i s t r i b u t i o n  o f  c loudiness  

on t h e  average maps i s  c h a r a c t e r i z e d  by i t s  c l u s t e r i n g  i n  t h e  temperate 

l a t i t u d e s  and n e a r  t h e  Equator.  The sma l l e s t  amount of  c louds i s  observed 

a t  t r o p i c a l  and s u b t r o p i c a l  l a t i t u d e s  [99-1021. 

Photographs o f  t h e  Ea r th  from g r e a t  d i s t a n c e s  s e r v e  as a very obvious 

means o f  analyzing t h e  " instantaneous" g loba l  f i e l d s  o f  c loud iness .  

V.  A .  Bugayev and T .  P .  Popova [78] have completed such an a n a l y s i s ,  using 

a c o l o r  photograph o f  t h e  Ea r th  obtained by t h e  Zond-7 space s t a t i o n  on 

August 8 ,  1969 from a d i s t a n c e  o f  70,000 km. 

In t h e  USA i n v e s t i g a t i o n s  i n  t h e  a r e a  of  s a t e l l i t e  c l imatology have 

begun on t h e  b a s i s  o f  t h e  u t i l i z a t i o n  o f  nephanalysis  maps which i n i t i a l l y  

(up t o  January 1964) provided f o r  t h e  use o f  seven g rada t ions  i n  t h e  

amount o f  clouds and l a t e r  f o r  f o u r  g rada t ions .  The map o f  T.  F .  Clapp 

[36, 851 and J .  C .  S a d l e r  [87] w a s  obtained i n  p r e c i s e l y  t h i s  manner. 

S i m i l a r  o r i g i n a l  d a t a  was used i n  t h e  r e c e n t  work o f  F. A.  Godshall, L .  D .  

A l l i son ,  E .  R .  Kreyns and G .  Warnecke [82, 861. These au tho r s  prepared an 

atlas o f  t h e  average monthly maps o f  t h e  c loud iness  d i s t r i b u t i o n s  i n  t h e  

t r o p i c a l  zone of t h e  P a c i f i c  Ocean f o r  January,  A p r i l ,  and August and October 

during t h e  pe r iod  from August o f  1962 u n t i l  August o f  1968 ( d a t a  o f  s i x  

sa te l l i t es  o f  t h e  T i r o s  s e r i e s  and t h r e e  s a t e l l i t e s  of t h e  ESSA s e r i e s ) .  
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Q u a n t i t i e s  taken from nephanalysis  maps are averaged ove r  areas o f  2" i n  

l a t i t u d e  by 2" i n  l ong i tude  f o r  a band o f  l a t i t u d e  from 30' N .  Lat. t o  

25" S. L a t .  and f o r  a band o f  l ong i tude  from 100' W. Long. t o  130" E .  Long. 

The choice o f  t h e  months mentioned above was determined by t h e  d e s i r e  t o  

i n v e s t i g a t e  pe r iods  o f  maximum v a r i a b i l i t y  o f  t h e  l a r g e - s c a l e  c i r c u l a t i o n  

i n  t h e  region under cons ide ra t ion .  

Analysis o f  t h e  cloud cover d i s t r i b u t i o n  maps cons t ruc t ed  i n  

[82] i n d i c a t e  t h e  e x i s t e n c e  of s i g n i f i c a n t  v a r i a b i l i t y  o f  t h e  

cloudiness  cond i t ions  from yea r  t o  yea r  ( i n  t h e  same months) and a l s o  i n  

t h e  dependence on t h e  t i m e  o f  yea r .  However, on any map t h e  e s s e n t i a l  

c l ima to log ica l  p e c u l i a r i t i e s  a r e  e a s i l y  i d e n t i f i e d .  This s i t u a t i o n  i s  

r e l a t e d ,  f o r  example, t o  t h e  band o f  c loudiness  between t h e  p a r a l l e l s  

o f  5" and 10" N .  Lat. , which i s  a s s o c i a t e d  with t h e  e x t r a t r o p i c a l  zone o f  

convergence and t h e  l o c a t i o n  o f  t h e  e q u a t o r i a l  thermal counterflow. 
/x 

S a t e l l i t e  t e l e v i s i o n  information i n  t h e  analog form [ 3 5 ,  37,  881 and 

d i g i t a l  form [ l l ,  84, 911 has a l s o  been used f o r  c o n s t r u c t i n g  c l ima to log ica l  

maps o f  t h e  c loud iness ,  and s e q u e n t i a l  photographic exposure o f  images o f  

cloud cover has  been a p p l i e d  [38] .  

Most r e c e n t l y  t h e  c o n s t r u c t i o n  o f  d i u r n a l  g loba l  maps o f  t h e  cloudiness  

and maps o f  t h e  amount of  clouds averaged over  va r ious  t ime i n t e r v a l s  f o r  

t h e  e q u a t o r i a l  band o f  l a t i t u d e s  35" N .  Lat. - -  35" S .  Lat. (Mercator 

L11 p r o j e c t i o n )  and f o r  both hemispheres (po la r  s t e r e o g r a p h i c  proj-ection) has - 
been c a r r i e d  out  au tomat i ca l ly  with t h e  h e l p  o f  computers. 

t h e  p l a n e t a r y  c loud iness  f i e l d s  based on obse rva t iona l  d a t a  i n  both 

hemispheres f o r  October 29, 1968 i s  presented i n  Figure 3 [ l o ] .  The construc-  

t i o n  o f  such maps i s  p o s s i b l e  only upon t h e  u t i l i z a t i o n  o f  t h e  most powerful 

contemporary computers. In  t h e  process  o f  reducing t h e  t e l e v i s i o n  d a t a  t h e  

computer c a r r i e s  out  an automatic  geographical t i e - i n  of them and t h e  p l o t t i n g  

o f  a g r i d  o f  geographical  coordinance. 

maps t h e  cons t ruc t ion  o f  p l a n e t a r y  d i s t r i b u t i o n  of  t h e  cloud cover averaged 

over  var ious time i n t e r v a l s  i s  a l s o  c a r r i e d  o u t  [ l l ] .  Simultaneously t h e  

b r igh tness  values  are averaged over  areas con ta in ing  64 x 64 s e p a r a t e  p o i n t s  

An example o f  

Along with t h e  d a i l y  c loudiness  
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( i n  t h i s  case  t h e  number o f  b r i g h t n e s s  va lues  f o r  each hemisphere i s  equal  t o  

4,096), which corresponds t o  t h e  s t e p  o f  t h e  s p a t i a l  g r i d  app l i cab le  i n  /g 
numerical weather p r e d i c t i o n s .  

F i f t e e n  g rada t ions  o f  t h e  b r igh tness  va lue  a r e  used f o r  p re sen t ing  t h e  

b r igh tness  f i e l d .  Also averaging o f  t h e  b r i g h t n e s s  over  areas of 8 x 8 

s e p a r a t e  p o i n t s  have been app l i ed  f o r  t h e  purpose of i n v e s t i g a t i n g  t h e  

mesostructure  of t h e  cloud cover .  

been cons t ruc ted  o p e r a t i o n a l l y  s i n c e  November 1967. Averaging over  more 

extended time i n t e r v a l s  i s  be ing  c a r r i e d  o u t  i n  t h e  course o f  experiments.  

Average f ive-day maps of  t h e  c loudiness  have 

Figure 3.  Maps of  t h e  P lane ta ry  Cloudiness D i s t r i b u t i o n .  
a - -  Northern Hemisphere, b -- Southern Hemishpere. 
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Figure 3 .  (Continued).  

A s  an i l l u s t r a t i o n  an average map o f  t h e  c loud iness  d i s t r i b u t i o n  i n  

the  no r the rn  hemisphere f o r  June-August o f  1967 i s  p resen ted  i n  Figure 4 .  

This map r e f l e c t s  t h e  well-known tendencies  towards a decrease i n  t h e  

amount o f  c loudiness  i n  t r o p i c a l  and s u b t r o p i c a l  l a t i t u d e s  (we po in t  ou t  

t h a t  a r t i f i c i a l  enhancement of t h e  image c o n t r a s t s  i s  employed i n  t h e  

cons t ruc t ion  o f  such maps; i f  t h i s  enhancement were n o t  employed almost t h e  

e n t i r e  hemisphere would be r a t h e r  b r i g h t )  Here, f o r  example, t h e  dark b e l t  

of t h e  s u b t r o p i c a l  high p r e s s u r e  maximum s t ands  ou t  d i s t i n c t l y ,  as does the  

narrow b r i g h t  band o f  t h e  i n t e r t r o p i c a l  convergence zone. I t  i s  evident  t h a t  

t h e  g r e a t  b r igh tness  o f  t h e  p o l a r  cap and Greenland i s  produced t o  a s i g n i f i -  

cant  e x t e n t  by t h e  e f f e c t  o f  snow cover.  

/E 
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Figure 4.  
i n  t h e  Northern Hemisphere [June-August 1967). 

M e a n  Seasonal  Cloudiness D i s t r i b u t i o n  

It is  n a t u r a l  t h a t  i n  t h e  course o f  averaging t h e  b r i g h t n e s s  f i e l d  

t h e  effect o f  u n s t a b l e  c loud systems is  smoothed out.  

of t h e  most s t a b l e  c loud formations i s  maintained. 

of t h e  u n s t a b l e  background by means o f  c o n s t r u c t i n g  b r i g h t n e s s  f i e l d s  on 

the  b a s i s  o f  minimum o r  maximum vaLues is of i n t e r e s t  i n  t h e  s o l u t i o n  o f  

a number o f  problems. 

Only t h e  i n d i v i d u a l i t y  

The complete e l i m i n a t i o n  

It is  easy t o  understand,  f o r  example, t h a t  averaging w i t h  r e s p e c t  t o  

minimum b r i g h t n e s s  va lues  l eads  t o  t h e  " f i l t e r i n g  out" o f  t h e  c loudiness .  

An example o f  t h e  c o n s t r u c t i o n  o f  a map o f  t h e  minimum b r i g h t n e s s  d i s t r i b u t i o n  

i n  the n o r t h e r n  hemisphere on the b a s i s  of d a t a  f r o m t h e  ESSA-9 me teo ro log ica l  

satell i te f o r  t h e  five-day p e r i o d  April 14-18, 1969 112-131 is  i l l u s t r a t e d  i n  



Figure 5. 

i n  t h e  sou th  i s  caused by t h e  fact t h a t  snow o r  ice cover occurs  t o  t h e  

n o r t h  o f  t h e  boundary between t h e  zones ( i t  i s  clear t h a t  i n  t h e  presence 

of snow o r  ice t h e  E a r t h ' s  b r i g h t n e s s  i s  always h igh ,  independent ly  of t h e  

cloudiness  cond i t ions ;  it i s  n a t u r a l  t h a t  t e l e v i s i o n  images could no t  be 

obtained f o r  t h e  zone o f  p o l a r  n i g h t ,  because t h i s  zone i s  da rk ) .  I t  i s  

evident  from t h i s  t h a t  maps o f  t h e  minimum b r i g h t n e s s  are a good method f o r  

t r a c i n g  t h e  boundaries o f  snow cover o r  i c e .  As E .  P .  McClain and D. R.  Baker  

[12] have shown, t h e  optimum averaging pe r iod  ( t a k i n g  i n t o  account t h e  

n e c e s s i t y  o f  " f i l t r a t i o n "  o f  t h e  cloudiness  and t h e  v a r i a b i l i t y  o f  snow cover 

o r  ice  cond i t ions )  amounts t o  from t h r e e  t o  seven days.  

The sha rp  c o n t r a s t  between t h e  dark and b r i g h t  zones of t h e  map 

I f  we average t h e  b r i g h t n e s s  f i e l d  only according t o  i t s  maximum values  

( s e e  Figure 6 ,  which i s  borrowed from t h e  r e fe rence  [ l l ] ) ,  t h e  dark regions 

i n  such a case w i l l  correspond t o  those  regions i n  which t h e r e  were no 

inc reased  b r i g h t n e s s  va lues  du r ing  t h e  e n t i r e  averaging p e r i o d  (accordingly,  

no clouds o r  snow). On t h e  con t r a ry ,  b r i g h t  r eg ions  r e f l e c t  t h e  e x i s t e n c e  of  

i n t e n s e  cloudiness  ( o r  snow and i c e ) .  The b r i g h t e s t  c loudiness  o f  v e r t i c a l  

development i s  u s u a l l y  accompanied by r a i n f a l l .  Therefore ,  b r i g h t  regions 

( i f  t h e s e  r eg ions  a r e  n o t  snow o r  i c e )  can be a s s o c i a t e d  i n  t h e  p r e s e n t  case 

with p r e c i p i t a t i o n  zones. One more p o s s i b i l i t y  o f  i n t e r p r e t i n g  maximum 

br igh tness  maps c o n s i s t s  i n  t h e i r  u t i l i z a t i o n  f o r  t r a c i n g  t h e  t r a j e c t o r y  of 

rapidly-moving s t a b l e  cloud systems. 

One of t he  main d i f f i c u l t i e s  o f  u t i l i z i n g  t h e  procedure o f  simple o r  

s e l e c t i v e  averaging o f  t h e  b r i g h t n e s s  f i e l d s  c o n s i s t s  i n  t h e  f a c t  t h a t  t h e  

t e l e v i s i o n  in s t rumen ta t ion  permits  ob ta in ing  on ly  a very d i s t o r t e d  d i s t r i b u t i o n  

of t h e  abso lu te  b r i g h t n e s s  va lues .  

connection t h e  g r e a t  urgency f o r  t h e  a p p l i c a t i o n  o f  scanning photometers 

f o r  s u f f i c i e n t l y  c o r r e c t  reproduct ion o f  t h e  f i e l d  o f  abso lu t e  b r igh tness  

values .  

Therefore,  w e  should emphasize i n  t h i s  
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Figure 5.  Average D i s t r i b u t i o n  o f  t h e  Minimum Brightness  i n  t h e  Northern Hemi- 
sphere f o r  t h e  Five Days (April  14-18, 1969). Data from ESSA-9. 

The at tempt  t o  analyze d a t a  from geos t a t iona ry  s a t e l l i t e s  [14, 15, 9 2 ,  971 

c l e a r l y  a t t e s t s  t o  t h i s  f a c t .  P h o t o e l e c t r i c  scanning photometers mounted on 

the  ATS-1 and ATS-3 g e o s t a t i o n a r y  s a t e l l i t e s  permit  o b t a i n i n g  no t  only images 

o f  t h e  Ea r th ,  c o n s i s t i n g  o f  2,000 l i n e s  (ATS-1) o r  2 ,400  l i n e s  (ATS-3), b u t  

a l s o  abso lu te  b r i g h t n e s s  va lues .  The d a t a  records o f  t h e  photometer readings 

i n  d i g i t a l  form con ta in  t h e  b r i g h t n e s s  va lues  of  each o f  t h e  scan l i n e s ,  

which are l o c a t e d  every 1 . 8  km ( the  d i s t a n c e  between success ive  l i n e s  amounts 

t o  3 . 6  km and corresponds t o  t h e  value o f  t h e  photometer 's  s p a t i a l  r e s o l v i n g  

power) along t h e  corresponding c i rc le  o f  l a t i t u d e .  The photometer readings 

are l i n e a r  func t ions  o f  t h e  b r i g h t n e s s  t o  a l a r g e  e x t e n t  over  a wide range o f  

b r i g h t n e s s e s .  

c a r r i e d  ou t  simply and r e l i a b l y .  

Therefore ,  t h e  determinat ion o f  r e l a t i v e  b r i g h t n e s s  values  can be /15 - 
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Figure 6 .  
f o r  t h e  Five Days (December 7-11, 1967).  Data i s  from ESSA-3. 

Average D i s t r i b u t i o n  of  Maximum Brightness  i n  t h e  Southern Hemisphere 

T .  H.  Vonder Haar [14] ,  f o r  example, has  d i scussed  t h e  r e l a t i v e  b r i g h t n e s s  

f i e l d s  i n  a region of a f r o n t a l  c loudiness  zone. Such maps o f  t h e  b r i g h t n e s s  

f i e l d s  make i t  p o s s i b l e  t o  l o c a l i z e  e x a c t l y  r eg ions  o f  maximum b r i g h t n e s s ,  

which correspond t o  t h e  l o c a t i o n s  o f  t h e  occurrence o f  i n t e n s e  p r e c i p i t a t i o n .  

S i m i l a r  small-scale maps, which r e f e r  t o  extended a r e a s  a t  var ious t imes,  are 

a good method f o r  t r a c i n g  t h e  dynamics of  cloud cover ,  and al.so f o r  s tudying 

a i r  c u r r e n t s .  Data which r e f e r s  t o  the  region o f  s o l a r  b r i g h t  s p o t s  over  t h e  

ocean contains  information which permits  one t o  c h a r a c t e r i z e  roughness and 

wind v e l o c i t y .  

The emergent r a d i a t i o n  f i e l d  i n  t h e  region o f  t h e  atmosphere's  t ransparency /16 - 
window a t  8-12 microns [96] i s ,  s i m i l a r l y  t o  t h e  b r i g h t n e s s  f i e l d  i n  t h e  
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v i s i b l e  s p e c t r a l  r eg ion ,  a s u f f i c i e n t l y  r e l i a b l e  i n d i c a t o r  o f  t h e  p l a n e t a r y  

d i s t r i b u t i o n  of cloud systems. 

i n  t h i s  t ransparency window has  been widely u t i l i z e d  ea r l i e r  wi th in  t h e  

framework o f  " r ad ia t ion"  synop t i c s  (see t h e  r e fe rences  [ 2 ,  41) .  The r e c e n t  

work o f  L. J .  Al l i son  e t  a l . ,  [81] con ta ins  an at tempt  t o  u t i l i z e  t h e  T i r o s  V I 1  

d a t a  i n  t h e  form o f  quas i -g loba l  monthly maps o f  t h e  r a d i a t i o n  temperatures 

( f o r  t h e  t ransparency window a t  8-12 microns) f o r  analyzing t h e  p e c u l i a r i t i e s  

o f  t h e  atmosphere's  general  c i r c u l a t i o n .  This a t tempt  has  continued t h e  

e a r l i e r  i n v e s t i g a t i o n s  undertaken i n  t h i s  d i r e c t i o n  [ 3 7 ,  88, 891. This  a t tempt  

turned ou t  t o  be completely s u c c e s s f u l ,  s i n c e  t h e  au tho r s  [Sl]  were a b l e  t o  

t r a c e  i n  s u f f i c i e n t  d e t a i l  t h e  p e c u l i a r i t i e s  and seasonal  v a r i a b i l i t y  o f  t h e  

general  c i r c u l a t i o n  on t h e  b a s i s  o f  t he  use o f  r a d i a t i o n  temperature maps 
( i n  s p i t e  of t h e  ske tch iness  caused by a whole s e r i e s  o f  reasons:  averaging 

without t ak ing  account o f  t h e  d a i l y  run o f  t h e  r a d i a t i o n  temperature ,  t h e  

absence o f  t h e  p o s s i b i l i t y  o f  completely r e l i a b l e  d i sc r imina t ion  of  clouds 

and t h e  underlying s u r f a c e ,  and so on) .  

Data concerning t h e  emergent r a d i a t i o n  f i e l d  

One o f  t h e  most r e l i a b l y  i d e n t i f i a b l e  p e c u l i a r i t i e s  o f  t h e  atmosphere's  

t o t a l  c i r c u l a t i o n  i s  t h e  i n t e r t r o p i c a l  convergence zone (ICZ) . 
The q u a s i - s t a t i o n a r i t y  o f  t h e  ICZ f o r  pe r iods  o f  t h e  o r d e r  o f  s e v e r a l  

months permits  an a n a l y s i s  o f  l o c a l  p e c u l i a r i t i e s  of  t h e  t r o p i c a l  c i r c u l a t i o n  

which i s  e s p e c i a l l y  important f o r  water  areas o f  t h e  oceans.  But, f o r  

example, during t h e  course o f  almost an e n t i r e  yea r  a band o f  c loudiness  has 

been observed over  t h e  P a c i f i c  Ocean which has  s t r e t c h e d  from Easter I s l a n d  

northwest i n  t h e  d i r e c t i o n  towards t h e  Equator and i s  a s s o c i a t e d  with a 

high p r e s s u r e  r i d g e  i n  t h e  upper t roposphere.  This c loudiness  zone i s  usua l ly  

"blended" with t h e  I C Z  between Caton I s l and  and N e w  Guinea. 

mentioned encroaches on t h e  s u b t r o p i c a l  b e l t  o f  i nc reased  p r e s s u r e  and i s  t h e  

connecting l i n k  between t h e  c i r c u l a t i o n  o f  t h e  t r o p i c s  and t h e  e x t r a t r o p i c a l  

l a t i t u d e s .  

The r i d g e  

The papers  o f  I .  V.  Bugayeva and L.  A. Ryazanova [79, 901 have a very 

important s i g n i f i c a n c e  f o r  determining t h e  p o s s i b i l i t i e s  o f  u s ing  maps o f  t h e  

r a d i a t i o n  temperature f o r  t h e  8-12 micron t ransparency window f o r  t h e  purpose 
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of ana lyz ing  c loudiness  cond i t ions  and d i s t i n c t i v e  f e a t u r e s  o f  t h e  atmosphere's  

genera l  c i r c u l a t i o n .  These papers  are devoted t o  a demonstrat ion o f  t h e  

effect  of var ious  types o f  c loudiness  on t h e  va lues  and s t r u c t u r e  o f  t h e  

r a d i a t i o n  temperature  f i e l d s  on t h e  b a s i s  o f  d a t a  from t h e  Kosmos-144 and 

Kosmos-184 s a t e l l i t e s .  The t e l e v i s i o n  and r a d i a t i o n  d a t a  o f  t h e s e  sa te l l i t es  

were used t o  cons t ruc t  monthly maps o f  t h e  c loudiness  f o r  Apr i l  and J u l y  and 

t h e  r a d i a t i o n  temperature  f o r  January,  Apr i l ,  J u l y ,  and October o f  1967. 

A comparison o f  t h e s e  maps revea led  a clear p i c t u r e  cf t h e i r  q u a l i t a t i v e  

agreement. Therefore ,  I .  V.  Bugayeva and L .  A. Ryazanova have de tec t ed ,  j u s t  

as c l e a r l y  as  t h e  au thors  o f  t h e  r e fe rence  [Sl], t h e  ICZ as a c h a r a c t e r i s t i c  

p e c u l i a r i t y  i n  t h e  form o f  a band o f  lowered va lues  o f  t h e  r a d i a t i o n  temperature  

which s t r e t c h e s  a long  t h e  Equator.  The zone o f  summer monsoon c i r c u l a t i o n ,  /E 
which i s  extended along t h e  e a s t e r n  coas t  o f  Asia ,  is  r e l i a b l y  i d e n t i f i e d  

as a co ld  t rough.  

2 .  Wind, Ver t i ca l  Motions, and P r e c i p i t a t i o n  

The c l o s e  connect ions between c loudiness  f i e l d s  and atmospheric motions 

pe rmi t s ,  on the  b a s i s  o f  empir ica l  d a t a ,  posing t h e  problem o f  determining 

t h e  wind and v e r t i c a l  motions from t h e  c loudiness  f i e l d  and i t s  v a r i a b i l i t y .  

Therefore ,  t h e  d a t a  o f  meteorological  sa te l l i t es  now in t roduces  an 

important  c o n t r i b u t i o n  t o  t h e  i n v e s t i g a t i o n  o f  atmospheric c i r c u l a t i o n  i n  

t h e  t r o p i c s .  Thus, f o r  example, t e l e v i s i o n  images of t h e  Ear th  have permi t ted  

i n v e s t i g a t i n g  t h e  e f f e c t  o f  t h e  motions o f  va r ious  s c a l e s  on t h e  formation,  

development, and s p a t i a l  s t r u c t u r e  o f  c louds and t r a c i n g  a l l  phases o f  

evo lu t ion  of t r o p i c a l  cyclones.  Observat ions behind t h e  clouds make it 

p o s s i b l e  t o  o b t a i n  information about p e c u l i a r i t i e s  of  a i r  c u r r e n t s .  

The fol lowing a r e  among t h e  most important  man i fe s t a t ions  o f  t h e  

atmosphere's  genera l  c i r c u l a t i o n  which a r e  amendable t o  i n v e s t i g a t i o n  by 

t h e  use 9 . F  s a t e l l i t e  t e l e v i s i o n  informat ion:  1)  s u b t r o p i c a l  j e t  streams a t  

the nort!scrn boundary of t h e  genera l  c i r c u l a t i o n ' s .  t r o p i c a l  zone which were 

discovered from the  c h a r a c t e r i s t i c  bands o f  c i r r u s  c loudiness ;  2) a i r  c u r r e n t s  

i n  t h e  upper t roposphere which i n t e r s e c t  t h e  Equator ( t h e  s a t e l l i t e  d a t a  have 

shown t h a t  t h i s  phenomenon is  by far more t y p i c a l  than  it was assumed e a r l i e r ) ;  

18  



3) a i r  exchange between low and h igh  l a t i t u d e s  (sometimes moist  t r o p i c a l  a i r ,  

invading t h e  no r th ,  reaches 50" N .  Lat . ) ;  4)  bands o f  e q u a t o r i a l  o r  i n t e r -  

t r o p i c a l  convect ive c loudiness  which are enormous i n  e x t e n t  ( t h e  most s t a b l e  

dur ing  t h e  e n t i r e  y e a r  i s  a band s i t u a t e d  over  t h e  Pacific Ocean i n  t h e  

5-10" N .  Lat .  zone; s i g n i f i c a n t  seasonal  migrat ion i s  c h a r a c t e r i s t i c  f o r  

similar bands over  t h e  A t l a n t i c  Ocean); and 5) t r o p i c a l  s torms ( i t  has been 

r epea ted ly  v e r i f i e d ,  f o r  example, t h a t  many A t l a n t i c  s torms arise i n  Cent ra l  

Africa; i t  has  been d iscovered  t h a t  u s u a l l y  t h e  c e n t e r  o f  c i r c u l a t i o n  o f  a 
developed s torm i s  l o c a t e d  bes ide  but  n o t  under t h e  main c loudiness  system of  

t h e  s torm) .  

Geostat ionary s a t e l l i t e s  have turned  out  t o  be an excep t iona l ly  e f f e c t i v e  

method f o r  t r a c i n g  t h e  development f o r  var ious  synop t i c  f e a t u r e s .  Thus, f o r  

example, i t  was p o s s i b l e  t o  t r a c e  with t h e  he lp  o f  t h e  ATS-1 s a t e l l i t e  t h e  

evo lu t ion  o f  t h e  typhoon Sa ra  i n  t h e  course  o f  i t s  migra t ion  across  t h e  

P a c i f i c  Ocean (135' W .  Long. - -  150" E .  Long.) from t h e  s t a g e  o f  i t s  genera t ion  

i n  September o f  1967 s o u t h e a s t  o f  t h e  Hawaiian I s l ands  u n t i l  i t s  d e s t r u c t i o n  

two weeks a f t e r  t h i s  (west o f  Vancouver I s l a n d ) .  

Images o f  t h e  Ear th  obta ined  with t h e  he lp  o f  t h e  ATS-1 and ATS-3 

geosynchronous s a t e l l i t e s  first permi t ted  the  s tudy  o f  t h e  dynamics o f  cloud 

cover  i n  the  reg ion  o f  t h e  t r o p i c s ,  which has  important  meaning f o r  understanding 

t h e  weather-forming processes  which a r i s e  he re .  I n v e s t i g a t i o n s  o f  t h e  cloud 

bands o f  t h e  i n t e r t r o p i c a l  convergence zones (ICZ) have a t t r a c t e d  e s p e c i a l l y  

g r e a t  a t t e n t i o n .  An a n a l y s i s  o f  t h e  ind iv idua l  images has  shown t h a t  t h e  

c loudiness  o f  t h e  I C Z  i s  a combination o f  l a r g e  nephsystems i n  t h e  form of  

bands with th i cknesses  from 5" t o  10" o f  l a t i t u d e .  

between t h e s e  systems v a r i e s  from 10' t o  30" i n  longi tude ,  i . e . ,  c lose  t o  t h e  

value f o r  a wavelength (2,000 km) o f  t h e  e a s t e r l y  waves i n  t h e  t r o p i c s ,  whose 

development i s  accompanied by a widening o f  t h e  ICZ and f r e q u e n t l y  r e s u l t s  i n  

t h e  i n i t i a t i o n  o f  t r o p i c a l  s torms.  The l a r g e  nephsystems mentioned have 

rece ived  t h e  des igna t ion  o f  c loud accumulations.  

/E 

The average d i s t a n c e  

T. F u j i t a  e t  a l . ,  [16] have cons t ruc t ed  motion f i e l d s  f o r  c louds over  

s e v e r a l  days on t h e  b a s i s  o f  t h e  observa t iona l  d a t a  (images o f  t h e  cloud cover) 

from t h e  ATS-1 s a t e l l i t e  dur ing  September o f  1967 f o r  t h e  e a s t e r n  p a r t  o f  t h e  
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t r o p i c a l  b e l t  of t h e  Pacific Ocean. The procedure f o r  determining t h e  d r i f t  

v e l o c i t y  o f  t h e  lower- leve l  c louds ,  whose dimensions do no t  exceed 25 km, is 
based on us ing  f i v e  consecut ive  images obta ined  wi th  an i n t e r v a l  o f  20 minutes.  

The progress  o f  d a t a  on t h e  d r i f t  v e l o c i t i e s  o f  c louds has  permi t ted  cons t ruc t ing  

f i e l d s  o f  flow l i n e s  ( t ak ing  i n t o  account p o s s i b l e  e x t r a p o l a t i o n )  with t h e  

loca t ions  of cyclones,  an t i cyc lones ,  and t roughs p l o t t e d  on them. A comparison 

of t h e  d r i f t  v e l o c i t i e s  wi th  d a t a  on t h e  wind a t  t h e  E a r t h ' s  s u r f a c e  based on 

observa t ions  on s h i p s  and i s l a n d s  has  shown t h a t  t h e  c loudiness  band o f  t h e  

I C Z  c o n s i s t s  o f  s e v e r a l  cloud accumulations , which are a s soc ia t ed  wi th  

d i s tu rbances  i n  t h e  p r e s s u r e  f i e l d  n e a r  t h e  E a r t h ' s  s u r f a c e .  

Ca lcu la t ions  based on d a t a  f o r  t h e  f i e l d  o f  flow l i n e s  o f  t h e  divergence 

f i e l d s  and wi th  r e spec t  t o  t h e  v o r t i c i t y ,  and a l s o  t h e  cons t ruc t ion  o f  maps 

o f  t h e  i s o t a c h s  ( i s o l i n e s  o f  t h e  wind v e l o c i t y )  , have revea led  t h a t  t h e  zone 

o f  maximum convergence i s  loca ted  sou theas t  o f  t h e  cloud accumulat ions,  and 

t h e  reg ions  o f  maximum v o r t i c i t y  co inc ide  with t h e  c e n t e r s  o f  cyc lon ic  

c i r c u l a t i o n .  However, i n  t h e  case  o f  a t r o p i c a l  storm t h e  l o c a t i o n s  o f  t h e  

convergence and v o r t i c i t y  maxima coinc ide .  Thus t h e  a i r  c u r r e n t s  which 

accompany t h e  accumulations are s i g n i f i c a n t l y  d i f f e r e n t  from those  which are 

c h a r a c t e r i s t i c  f o r  s torms .  Therefore ,  t h e  cloud b e l t s  o f  t h e  ICZ a r e  cha rac t e r -  

i zed  t o  a f a r  g r e a t e r  e x t e n t  by " v o r t i c i t y "  than  by "convergence", and thus  

it would be more c o r r e c t  t o  speak o f  an i n t e r t r o p i c a l  v o r t i c i t y  zone. 

Est imates  o f  t h e  e f f e c t  o f  t h e  var ious  f a c t o r s  which determine t h e  

d i s s i p a t i o n  of  v o r t i c i t y  by means o f  t h e  use o f  d a t a  on t h e  divergence and 

v o r t i c i t y  f i e l d s  have shown t h a t  t h e  d i s s i p a t i o n  cond i t ions  are c l o s e l y  

l i nked  with t h e  temperature  o f  t h e  ocean 's  s u r f a c e ,  whose in f luence  can r e s u l t  

i n  a decrease  i n  t h e  i n t e r a c t i o n  between t h e  atmosphere 's  lower l a y e r s  and 

t h e  underlying s u r f a c e  i n  t h e  boundary f r i c t i o n  l a y e r .  

of t h e  e a s t e r n  p a r t  o f  t h e  P a c i f i c  Ocean's t r o p i c a l  zone i s - t h e  formation he re  

of an t icyc lones  a s  t h e  r e s u l t  o f  t h e  i n t r u s i o n  a c r o s s  t h e  Equator o f  a i r  

c u r r e n t s  from t h e  southern  hemisphere. An a n a l y s i s  o f  t h e  t r a j e c t o r i e s  o f  

such a i r  c u r r e n t s  under var ious  cond i t ions  has  

deepes t  i n t r u s i o n  i n t o  t h e  no r the rn  hemisphere ( t o  a l a t i t u d e  o f  about 20' 

N .  Lat . )  occurs  i n  t h a t  case  i n  which t h e  angle  a t  which t h e  Equator i s  

An important  p e c u l i a r i t y  

shown i n  p a r t i c u l a r  t h a t  t h e  /E 
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i n t e r s e c t e d  is  equal  t o  170". 

t r a j e c t o r i e s  do n o t  reach l a t i t u d e s  h i g h e r  than 8" N .  Lat .  

I n  t h e  case o f  an angle  less than 90°,  t h e  

Thus t h e  p o s s i b i l i t y  o f  an almost continuous t r a c k i n g  o f  t h e  dynamics 

o f  t h e  cloud cover  from geosynchronous s a t e l l i t e s  has  turned  out  t o  be very  

f r u i t f u l  from t h e  p o i n t  o f  view of ob ta in ing  d a t a  on a i r  c u r r e n t s .  

As L .  A. Anekeyeva [17] has  shown, approximate e s t ima tes  o f  t h e  d i r e c t i o n  

and wind v e l o c i t y  ( i n  t h e  presence  o f  c loudiness  o f  vo r t ex  s t r u c t u r e )  .can be 

made on t h e  b a s i s  o f  d a t a  from quas i -po la r  meteorological  s a t e l l i t e s .  Observa- 

t i o n a l  d a t a  from March 1966 through March 1967 over  t h e  t e r r i t o r y  o f  t h e  

Sovie t  Union, Western Europe, and t h e  no r theas t e rn  A t l a n t i c  (412 cloud 

v o r t i c e s  were i n v e s t i g a t e d  i n  a l l )  se rved  as t h e  o r i g i n a l  d a t a .  The form 

o f  a cloud vo r t ex  i s  modeled a f t e r  a hyperbol ic  s p i r a l .  

Then his tograms were cons t ruc t ed  f o r  40 p a r t s  o f  t h e  vo r t ex  which showed 

t h e  d i s t r i b u t i o n  o f  t h e  angle  between t h e  d i r e c t i o n s  o f  t h e  cloud band and 

t h e  wind (wind d a t a  f o r  each s t a t i o n  loca ted  i n  t h e  vo r t ex  reg ion  were taken 

f o r  t h e  s t anda rd  i s o b a r i c  s u r f a c e s  - -  from t h e  E a r t h ' s  s u r f a c e  t o  t h e  300 mbar 

l e v e l ) .  I t  turned ou t  t h a t  t h e  d i s t r i b u t i o n  law o f  t h e  i n c l i n a t i o n  angle  i s  

c l o s e  t o  the  normal d i s t r i b u t i o n  l a w .  This f a c t  has pe rmi t t ed  cons t ruc t ing  a 

t a b l e  o f  t h e  most probable  va lues  o f  t h e  i n c l i n a t i o n  angle  f o r  var ious  s e c t i o n s  

of  a vor tex ,  with t h e  he lp  o f  which it i s  p o s s i b l e  t o  determine t h e  wind 

d i r e c t i o n  a t  any p o i n t  o f  a reg ion  occupied by vo r t ex  c loud iness .  

o f  t h i s  t a b l e  shows t h a t  under t h e  condi t ions  o f  a f r e e  t h e  wind is  i n c l i n e d  

most o f t e n  t o  t h e  l e f t  o f  t h e  cloud band, and t h e  va lue  o f  t h e  i n c l i n a t i o n  i s  

20". A t  t h e  E a r t h ' s  s u r f a c e  t h e  oppos i t e  s i t u a t i o n  i s  observed.  Data on t h e  

most probable  va lues  o f  t h e  wind v e l o c i t y  a t  var ious  leve ls  can be obta ined  

by means o f  a s t a t i s t i c a l  r educ t ion  o f  t h e  obse rva t iona l  r e s u l t s  ( a l s o  see 

[18] ) .  
as a good wind i n d i c a t o r  [94]. 

Inspec t ion  

Spots  o f  s p e c u l a r  r e f l e c t i o n  on t h e  s u r f a c e  o f  t h e  sea can se rve  

E .  C.  Barret [22] has  proposed a procedure f o r  e s t ima t ing  t h e  monthly 

p r e c i p i t a t i o n  t o t a l s  on t h e  b a s i s  o f  u t i l i z i n g  nephanalys is  maps cons t ruc t ed  

on t h e  b a s i s  o f  s a t e l l i t e  t e l e v i s i o n  images o f  t h e  cloud cover .  With t h e  

he lp  o f  t h e  nephanalys is  maps t h e  fol lowing i n i t i a l  parameters  are determined: 
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1)  t h e  average monthly amount o f  p r e c i p i t a t i o n  i n  % ( fou r  grada t ions  of  

t h i s  parameter  a r e  used on t h e  maps: 10,  35, 65, 90%);  2) p r o b a b i l i t y  o f  

r a i n f a l l  and t h e  i n t e n s i t y  of  p r e c i p i t a t i o n  from clouds o f  t h e  type  under  

cons ide ra t ion  ( i n  p a r t i c u l a r ,  cumulus, cumulonimbus, s t ra tocumulus ,  s t ra tus ,  
and c i r r u s  clouds are d i s t i n g u i s h e d  on t h e  nephanalys is  maps). 

o f  r a i n f a l l  and i n t e n s i t i e s  o f  p r e c i p i t a t i o n  ass igned  t o  c louds o f  t h e  i n d i c a t e d  

types  a r e  se t  on t h e  b a s i s  o f  a p r i o r i  s t a t i s t i c s .  

The p r o b a b i l i t i e s  

A " p r e c i p i t a t i o n  c o e f f i c i e n t "  is  c a l c u l a t e d  on t h e  b a s i s  o f  d a t a  on t h e  

parameters  mentioned above. 

s e a  l e v e l  is n o t  taken i n t o  account .  

s imultaneously,  n o t i c e  i s  taken only  of  t h e  clouds with t h e  l a r g e s t  p r e c i p i t a -  

t i o n  p r o b a b i l i t y .  

p r e c i p i t a t i o n ,  such a s  f r o n t a l  zones, v o r t i c e s ,  and s o  on, t h e  parameters  f o r  

s t r a t u s  and cumulonimbus clouds a r e  taken with a weight equal  t o  four .  On t h e  

b a s i s  o f  29 Aus t r a l i an  s t a t i o n s  f o r  March, Apr i l ,  and May of  1966 t h e  

fo l lowing  c o r r e l a t i o n  l i n k  was found between the  p r e c i p i t a t i o n  c o e f f i c i e n t  

x and t h e  monthly p r e c i p i t a t i o n  t o t a l  y (y = 0 . 0 0 2 0 0 ~ ~  - 0 . 0 5 1 0 8 ~ ~  4 1 . 3 0 1 0 7 ~  - 
- 0.32750). This  r e l a t i o n  was used t o  cons t ruc t  a map o f  t h e  d i s t r i b u t i o n  o f  

p r e c i p i t a t i o n  f o r  J u l y  o f  1956 f o r  t h e  90-180" E .  Long., 15" N .  Lat. - -  30" S.  

L a t .  zone with averaging over  a r e a s  o f  5" i n  l a t i t u d e  by 5" i n  longi tude .  

check o f  t h i s  map a g a i n s t  t h e  d a t a  f o r  t h e  same 29 s t a t i o n s  f o r  J u l y  showed t h a t  

t h e  va lues  r e f e r r i n g  t o  17 s t a t i o n s  were completely c o r r e c t .  

b e s t  r e s u l t s  can be obta ined  when orographica l  and l a t i t u d e  e f f e c t s  are taken 

i n t o  account.  

The effect  o f  orography and e l e v a t i o n s  above 

I f  c louds o f  d i f f e r e n t  types  are observed /z 
I n  t h e  absence o f  such cloud systems accompanied by 

A 

Evident ly ,  t h e  

Ch. S.  Novak [19] made an i n t e r e s t i n g  at tempt  t o  use t h e  d a t a  on t h e  

b r igh tness  f i e l d  o f  systems o f  cumulus clouds f o r  t h e  s o l u t i o n  o f  t h e  problem 

o f  automatic  i d e n t i f i c a t i o n  o f  such c loudiness  (on t h e  b a s i s  o f  i t s  very 

g r e a t  b r igh tness )  and a l s o  t o  c a l c u l a t e  t he  d i r e c t i o n  and v e l o c i t y  o f  t h e  wind 

i n  t h e  upper t roposphere  (on t h e  b a s i s  o f  t h e  d i r e c t i o n  o f  "blowing" and t h e  

l eng th  of t h e  band o f  c i r r u s  c loudiness  loca t ed  n e a r  t h e  top  o f  t h e  cumulus 

c louds) .  As has a l r eady  been noted above, e s t ima tes  o f  t h e  wind v e l o c i t y  a l s o  

can be c a r r i e d  out  by determining t h e  d r i f t  v e l o c i t y  o f  t h e  clouds (consecut ive  

images obta ined  with t h e  h e l p  o f  geos t a t iona ry  s a t e l l i t e s  a r e  p a r t i c u l a r l y  
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s u i t a b l e  f o r  t h i s  purpose) and u t i l i z i n g  t h e  empir ica l  dependence o f  t h e  

maximum wind v e l o c i t y  i n  a hu r r i cane  on t h e  dimensions o f  t h e  c e n t r a l  core  

of t h e  h u r r i c a n e ' s  cloud systems [2]. 

Data on t h e  amount o f  c loudiness  can be obta ined  wi th  far  g r e a t e r  

r e l i a b i l i t y  than  t h e  a b s o l u t e  b r igh tnesses .  Therefore ,  f o r  t h i s  reason 

var ious  a t tempts  have been undertaken t o  i n t e r p r e t  such d a t a  on t h e  b a s i s  

of t h e  u t i l i z a t i o n  o f  empir ica l  c o r r e l a t i o n  l i n k s  between t h e  f i e l d s  of 

c loudiness  and o t h e r  meteoro logica l  elements.  S .  A .  Musayelyan and h i s  

co-workers [20,21] have worked o u t  t h i s  approach most s u c c e s s f u l l y .  I n  

p a r t i c u l a r ,  they  so lved  t h e  problem o f  determining t h e  f i e l d  o f  v e r t i c a l  

motions from t h e  c loudiness  f i e l d .  

The examples d iscussed  above permit  US t o  draw the  conclusion t h a t  t h e  

r e s u l t s  a l r eady  obta ined  i n d i c a t e  t h e  outlook f o r  t h e  i n t e r p r e t a t i o n  o f  

t e l e v i s i o n  images o f  c loud cover  with t h e  goal of  determining t h e  f i e l d s  

o f  var ious  meteorological  elements from t h e  c loudiness  f i e l d .  O f  course ,  

one should b e a r  i n  mind t h e  f a c t  t h a t  t h e  t o p i c  o f  d i scuss ion  i s ,  i n  any case ,  

on ly  about t h e  use o f  empi r i ca l  c o r r e l a t i o n  l i n k s  and comparat ively crude 

e s t ima tes .  The accuracy o f  such e s t ima tes  can be s i g n i f i c a n t l y  increased  

by t h e  use o f  scanning photometers t o  ob ta in  the  images. I t  cannot be 

doubted t h a t  an inc rease  i n  t h e  accuracy of  t h e  procedures  of q u a n t i t a t i v e  

i n t e r p r e t a t i o n  o f  images o f  c loud cover permi ts  a wider use o f  t h e s e  

procedures f o r  climatic i n v e s t i g a t i o n s .  In  connection wi th  t h i s  we no te  

t h a t  t h e  i n t e r p r e t a t i o n  o f  i n f r a r e d  images o f  t h e  Ear th ,  whose important  

c h a r a c t e r i s t i c  i s  t h e  p o s s i b i l i t y  o f  s imultaneously having a v a i l a b l e  d a t a  

about t h e  f i e l d  o f  abso lu t e  b r igh tnesses  o f  t h e  r a d i a t i o n  temperature ,  opens 

up va r ious  p o s s i b i l i t i e s  of  t h i s  k ind .  

The p o s s i b i l i t i e s  o f  u t i l i z i n g  i n f r a r e d  images and d a t a  on t h e  f i e l d  of  

t h e  outgoing emission o f  t h e  r a d i a t i o n  temperature  i n  va r ious  s p e c t r a l  reg ions  

f o r  determining t h e  temperature  and t h e  f i e l d  o f  t h e  h e i g h t  o f  t h e  cloud 

cove r ' s  upper boundary, t h e  f i e l d  o f  some c h a r a c t e r i s t i c s  o f  t h e  atmosphere 's  

e n e r g e t i c s ,  t h e  p r e c i p i t a t i o n  f i e l d ,  t h e  f i e l d  o f  v e r t i c a l  motions,  t h e  

geopo ten t i a l  f i e l d ,  t h e  f i e l d  o f  o t h e r  meteorological  parameters  have been 

d iscussed  i n  d e t a i l  i n  t h e  monograph [ 4 ] .  
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3 .  Temperature o f  t h e  S t r a tosphe re  

One o f  t h e  most i n t e r e s t i n g  (and most s i g n i f i c a n t  i n  p r a c t i c e )  examples 

o f  i n t e r p r e t i n g  d a t a  on t h e  emergent r a d i a t i o n  f i e l d s  i s  t h e  de te rmina t ion  

o f  t h e  s t r a t o s p h e r e ' s  temperature  on t h e  b a s i s  o f  measurements o f  t h e  

emergent r a d i a t i o n  i n  t h e  c e n t r a l  p a r t  of  t h e  15 micron band o f  carbon 

d ioxide  gas .  We w i l l  n o t  dwell on a d e s c r i p t i o n  o f  t h e  i n t e r p r e t a t i o n  

procedure,  which i s  expounded i n  d e t a i l  i n  t h e  monograph [4] .  We w i l l  

d i s cuss  only some r e s u l t s  ob ta ined  by G .  Warnecke [23, 241 on t h e  b a s i s  of 

us ing  t h e  most c o r r e c t  procedure f o r  i n t e r p r e t i n g  ac t inomet r i c  in format ion  

from t h e  Nimbus I1 s a t e l l i t e  ( t ak ing  i n t o  account t h e  effect  of  c loudiness)  

and r ep resen t ing  t h e  f irst  example o f  g loba l  d a t a  on t h e  s t r a t o s p h e r e  

temperature  f i e l d .  

Figure 7.  
on May 21 ,  1966. 

Global D i s t r i b u t i o n  o f  t h e  S t r a t o s p h e r e ' s  Temperature 
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Maps of t h e  geographical  d i s t r i b u t i o n  o f  t h e  s t r a t o s p h e r e ' s  temperature 

are p resen ted  i n  Figures  7-8 on t h e  b a s i s  o f  d a t a  f o r  May 2 1  and J u l y  24 of 

1966 ( i n  t h e  c o n s t r u c t i o n  o f  such maps d a t a  on t h e  emergent r a d i a t i o n  during 

24 hours are used) .  During t h e  p e r i o d  under cons ide ra t ion  ( t h e  end o f  May-July) 

t h e  temperature f i e l d  i n  t h e  no r the rn  hemisphere was comparatively s t eady .  

Thus, f o r  example, clouds o f  t h e  h ighes t  temperatures  were loca ted  cont inuously 

ove r  t h e  n o r t h e r  A r c t i c  Ocean. The h o r i z o n t a l  temperature g r a d i e n t s  over  /z 
t h e  e n t i r e  hemisphere were small. The maximum temperature  (240°K) was 

observed over  t h e  North Pole about J u l y  1, 1966. The s t r a t o s p h e r e ' s  temperature 

i n  t h e  t r o p i c s  (30" S.  Lat. - -  30" N .  L a t . )  was 220-225°K and inc reased  

weakly from t h e  south t o  t h e  n o r t h .  

The most dynamic temperature  f i e l d  was observed i n  t h e  s t r a t o s p h e r e  i n  

t h e  southern hemisphere. A s  i s  evident  from Figure 7 ,  a l r eady  on May 2 1  

a p o l a r  vo r t ex ,  which was maintained during t h e  e n t i r e  pe r iod  under considera-  

t i o n ,  was loca ted  ove r  t h e  South Pole.  Throughout t h e  t ime o f  t h e  f i r s t  s i x  

weeks o f  t h i s  pe r iod  t h e  temperature  f i e l d  possessed a c h a r a c t e r i s t i c  

asymmetry. Thus, f o r  example, on May 2 1 ,  1966 an ex tens ive  region o f  

r e l a t i v e l y  warmer a i r  was extended i n  t h e  d i r e c t i o n  o f  t h e  southern p e r i p h e r i e s  

o f  t h e  A t l a n t i c  and Indian Oceans, which produced a s t r o n g  meridional tempera- 

t u r e  g r a d i e n t .  During t h e  next  t h r e e  weeks a s h i f t  o f  t h e  hea t  c e n t e r s  t o  t h e  

e a s t  was observed, as a r e s u l t  o f  which on June 10 w a r m  a i r  reached A u s t r a l i a  

and t h e  western s e c t o r  o f  t h e  no r the rn  pe r iphe ry  o f  t h e  Pac i f ic  Ocean. /E 
However, i n  t h e  second h a l f  of June t h e  w a r m  a i r  receded i n t o  a zone o f  

low l a t i t u d e s ,  and t h e  p o l a r  vo r t ex  became more symmetric thermally.  A 

similar s i t u a t i o n  was maintained u n t i l  t h e  end o f  J u l y  ( see  Figure 8 ) .  A 

gradual cool ing occurred a t  t h e  c e n t e r  o f  t h e  vo r t ex  from t h e  middle o f  

May (about 205°K) u n t i l  t h e  beginning o f  J u l y  (196"K), a f te r  which t h e  

temperature  decrease ceased. The maximum coo l ing  was observed, however n o t  

i n  t h e  zone o f  p o l a r  n i g h t  ove r  t h e  A n t a r c t i c ,  bu t  i n  r eg ions  o f  t h e  

southern pe r iphe ry  o f  t h e  A t l a n t i c  and Indian Oceans (55-65" S .  L a t . ,  see 

Figure 9 ) .  A d e t a i l e d  a n a l y s i s  o f  t h e  v a r i a t i o n s  i n  t h e  temperature f i e l d  

showed t h a t  t h e  d i s t i n c t i v e  f e a t u r e s  o f  t h e  geographical  d i s t r i b u t i o n s  o f  t h e  

cool ing po in ted  o u t  are caused by a temperature wave, which migrates  around 
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t h e  South Pole above t h e  upper p a r t  o f  t h e  temperature  l a t i t u d e  zone and which 

possesses  an amplitude decreasing with t i m e  ( p r a c t i c a l l y  t o  zero i n  J u l y ) .  

This  fact i n d i c a t e s  t h e  important r o l e  of dynamic hypotheses as a f a c t o r  i n  

win te r  cool ing i n  t h e  region o f  t h e  p o l a r  vo r t ex  o f  t h e  sou the rn  hemisphere. 

Figure 8.  Global D i s t r i b u t i o n  
o f  t h e  S t r a t o s p h e r e ' s  Tempera- 
t u r e  on J u l y  2 4 ,  1966. 

The examples d i scussed  above a r e  on ly  an i l l u s t r a t i o n  of  those p o s s i b i l i -  

t i e s .  which t h e  use of s a t e l l i t e  d a t a  opens up f o r  i n v e s t i g a t i o n s  o f  t h e  s t r a t o -  

sphe re ' s  temperature f i e l d .  

s a t e l l i t e  from June o f  1963 t o  J u l y  o f  1964 i n  t h e  form o f  maps of t h e  

p l a n e t a r y  d i s t r i b u t i o n  of  average s t r a t o s p h e r e  temperature values  f o r  t e n  days 

i s  contained i n  an a t las  compiled by D. S .  Kennedy [25] .  

t h a t  t h e  subsequent a p p l i c a t i o n  o f  t h e  procedure descr ibed i n  t h e  p r e s e n t  

s e c t i o n  w i l l  t u r n  o u t  t o  be a very f r u i t f u l  one from t h e  p o i n t  o f  view of  

i n v e s t i g a t i o n s  o f  l a r g e - s c a l e  processes  i n  t h e  s t r a t o s p h e r e .  

The r i c h  obse rva t iona l  d a t a  from t h e  T i r o s  V I 1  

There can be no doubt 
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Figure 9 .  
1966. 

Var i a t ion  o f  t h e  S t r a t o s p h e r e ' s  Temperature from May 2 1  - J u l y  24, 

4 .  Thermal Inhomogeneities o f  t he  Underlying Surface 

The i n f r a r e d  images obtained i n  the  absence of  cloud cover o f f e r  t h e  

p o s s i b i l i t y  o f  s tudy ing  t h e  temperature f i e l d  o f  t h e  underlying s u r f a c e .  

S e t t i n g  a s i d e  t h e  problems o f  t h e  procedure f o r  determining t h e  

temperature from such d a t a  ( see ,  f o r  example, t he  r e fe rences  [4,  26, 2 7 ] ) ,  

we w i l l  d i s c u s s  some examples which i l l u s t r a t e  t h e  p o s s i b i l i t i e s  o f  i n t e r -  

p r e t i n g  i n f r a r e d  images o f  t h e  underlying su r face .  

An i n f r a r e d  image of  t h e  A t l a n t i c  s e c t o r  o f  t h e  p o l a r  cap o f  t h e  South 

Pole taken from t h e  Nimbus I s a t e l l i t e  on August 29, 1964 i s  p re sen ted  i n  
Figure 10. An a n a l y s i s  o f  t h i s  image c a r r i e d  ou t  by W .  Nordberg [28]  has 

shown t h a t  t h e  temperature  o f  t h e  i n n e r  p a r t  o f  t h e  A n t a r c t i c  ice cap i s  

210-215°K. Such low va lues  o f  t h e  temperature were recorded du r ing  t h e  e n t i r e  
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o p e r a t i o n a l  p e r i o d  o f  t h e  sa te l l i te  (from t h e  end o f  August t o  t h e  end o f  

September i n  1964).  

i n c r e a s e s  n o t i c e a b l y ,  r each ing  approximately 240'K. The edge o f  t h e  c o n t i n e n t  

i s  s h a r p l y  o u t l i n e d ,  due t o  t h e  presence o f  a s t r i p  o f  open w a t e r ,  whose width 

i n  p l a c e s  reaches 100 km. 

(such a va lue  f o r  t h e  temperature  i n d i c a t e s  t h e  fact t h a t  n o t  on ly  water b u t  

a l s o  ice must fa l l  i n t o  t h e  rad iometer ' s  f i e l d  o f  view). 

o f  t h e  ice cover  i n  t h e  zone o f  t h e  Weddell Sea and t h e  A t l a n t i c  Ocean, which 

reaches 244"K, permi ts  d i s t i n g u i s h i n g  t h i s  zone from t h e  con t inen t .  

t h e  sea ice are d i s t i n g u i s h e d  as narrow l i n e s  o f  i n c r e a s e d  temperature .  

s h e l f  extends t o  a l a t i t u d e  o f  about 57' S. L a t . ,  where i t s  borders  are on a 

s t r i p  o f  open water having a temperature  o f  approximately 275'K. 

Near t h e  edge o f  t h e  Antarctic c o n t i n e n t  t h e  temperature  

The maximum temperature  i n  t h i s  r eg ion  reaches  256'K 

The h i g h e r  temperature  

Breaks o f  

The ice 

Figure 1 0 .  I n f r a r e d  Image ( 3 . 5 -  
-4.1) Micron Region of the Spec- 
trum) o f  t h e  A t l a n t i c  S e c t o r  o f  t h e  
A n t a r c t i c .  Obtained from Nimbus I 
about Midnight (Local Time) on 
August 29, 1964. 
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The a n a l y s i s  c a r r i e d  ou t  [29] o f  i n f r a r e d  images, and a l s o  of 

q u a n t i t a t i v e  d a t a  on t h e  r a d i a t i o n  f i e l d  obtained with t h e  h e l p  o f  a scanning 

radiometer o f  high angular  r e s o l v i n g  power mounted on t h e  Nimbus I 1  meteorologi- /26  - 
tal s a t e l l i t e ,  has  demonstrated t h e  p o s s i b i l i t y  o f  u t i l i z i n g  them f o r  t r a c i n g  

t h e  s p a t i a l  d i s t r i b u t i o n  of  ice  f i e l d s .  

t o  t h e  water  area l o c a t e d  between Canada and Greenland, t h e  dark (warm) 

s e c t i o n s  o f  t h e  images were i n t e r p r e t e d  as open wa te r ,  while  zones o f  gray 

tones (cold) were i d e n t i f i e d  as i c e .  

In  t h e  d i scuss ion  o f  d a t a  r e f e r r i n g  

The authors  o f  [29] showed by comparison with a i r  reconnaissance d a t a  

t h a t  t h e  n igh t t ime  i n f r a r e d  images permit  r e l i a b l e  t r a c i n g  o f  t h e  d i s t r i b u t i o n  

o f  i c e ,  e s p e c i a l l y  i t s  l a r g e - s c a l e  f e a t u r e s .  The boundaries o f  t h e  ice-water  

v i s i o n  a r e  f i x e d  f a r  more r e l i a b l y  than t h e  inhomogeneity o f  t h e  i c e  cover 

i t s e l f  ( f r e s h  and pack i c e ,  and so  on) .  I f  the temperature c o n t r a s t s  between 

ice and water a r e  l a r g e  enough, it i s  p o s s i b l e  t o  d e t e c t  d e t a i l s  having 

dimensions smaller than  8 km. 

Although t h e  presence o f  c loudiness  hinders  t h e  use o f  i n f r a r e d  images 

f o r  analyzing t h e  ice  environment, t h e  a c t u a l  r e p e a t a b i l i t y  o f  t h e  observat ions 

i s  s u f f i c i e n t  t o  o b t a i n  very u s e f u l  d a t a .  I t  i s  n a t u r a l ,  however, t h a t  i n  

t h e  winter t ime ( i n  t h e  presence o f  i nve r s ion )  t h e  problem o f  d i s t i n g u i s h i n g  

the  i c e  cover and lower- level  clouds becomes d i f f i c u l t ,  e s p e c i a l l y  f o r  t h e  

reason t h a t  low continuous cloudiness  and f r e s h  i c e  cover can have a s i m i l a r  

s t r u c t u r e  on t h e  i n f r a r e d  images. The s o l u t i o n  o f  t h i s  problem can be 

l i gh tened  by i n c r e a s i n g  t h e  s p a t i a l  r e so lv ing  power o f  t h e  i n f r a r e d  instrumen- 

t a t i o n .  

Since d i u r n a l  i n f r a r e d  images i n  t h e  s p e c t r a l  region under cons ide ra t ion  

( 3 . 4 - 4 . 2  microns) cannot s e r v e  as a method o f  d i s t i n g u i s h i n g  thermal inhomo- 

g e n e i t i e s ,  they were analyzed t o g e t h e r  with t h e  d a t a  o f  emergent r a d i a t i o n  

measurements with t h e  h e l p  o f  a f ive-channel  radiometer  f o r  t h e  0.2-4.0 and 

t h e  10-12 micron channels .  The combination o f  a l l  t h i s  d a t a  pe rmi t t ed ,  as a 
r u l e ,  r e l i a b l y  d i s t i n g u i s h i n g  s e a  i c e  from clouds having as high an albedo 

bu t  a lower temperature  ( t h i s  case i s  t h e  most d i f f i c u l t  i n  t h e  a n a l y s i s  o f  

t e l e v i s i o n  images). The advantage of such d a t a  i n  comparison with t h e  use o f  
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t e l e v i s i o n  information c o n s i s t s  a l s o  i n  t h e  p o s s i b i l i t y  o f  applying a 

mechanical procedure o f  automatic  a n a l y s i s  o f  m u l t i s p e c t r a l  da t a .  

From t h e  p o i n t  o f  view o f  t h e  d i f f i c u l t y  o f  i n t e r p r e t i n g  t h e  i n f r a r e d  

images i n  t h e  presence o f  small ( o r  nega t ive)  temperature  c o n t r a s t s  between 

t h e  clouds and t h e  underlying s u r f a c e ,  an a n a l y s i s  o f  an image o f  t h e  

t e r r i t o r y  o f  Greenland ob ta ined  from t h e  Nimbus I satellite on September 16, 

1964 (Figure 11) is o f  interest. In t h e  case under c o n s i d e r a t i o n  t h e  clouds 

were approximately 20" warmer t h a n  t h e  snow-covered unde r ly ing  surface, whose 

temperature  was about  230'K. 

t h e  background o f  t h e  b r i g h t  (cold) underlying s u r f a c e  (upper h a l f  o f  t h e  

photograph).  

s e p a r a t e d  from d r y  land  by a ve ry  dark s t r i p  which corresponds t o  open water 

with a s u r f a c e  temperature  h i g h e r  t h a n  280'K. 

Therefore ,  t h e  cloud bands appear dark a g a i n s t  

The lower h a l f  o f  t h e  image is f i l l e d  by an extensive cloud mass 

Figure 11. I n f r a r e d  Image 
(3.5-4.1 Microns S p e c t r a l  
Region) o f  t h e  T e r r i t o r y  o f  
Greenland. Taken by Nimbus I 
near Midnight on September 16, 
1964. 

The p o s s i b i l i t y  o f  u t i l i z i n g  i n f r a r e d  images t o  i n v e s t i g a t e  t h e  tempera- 

t u r e  f i e l d  o f  t h e  s u r f a c e  o f  seas and oceans has  e s p e c i a l l y  important  meaning. 

This f a c t  made it p o s s i b l e  first n o t  only t o  c o n s t r u c t  s u f f i c i e n t l y  r e l i a b l e  

30 



c l ima to log ica l  maps o f  t h e  su r face  temperature  but  a l s o  t o  i n v e s t i g a t e  i t s  

v a r i a b i l i t y  [30]. 

The d a t a  on t h e  v a r i a b i l i t y  o f  t h e  ocean 's  s u r f a c e  temperature  (histogram) 

and t h e  temperature  f i e l d  o f  t h e  ocean ' s  su r f ace  i n  t h e  reg ion  o f  t h e  Gulf 

Stream c u r r e n t  (Nimbus 11) obta ined  by P .  K. Rao e t  a l . ,  [30] are presented  i n  

Figure 1 2 .  The his tograms a r e  p l o t t e d  on t h e  b a s i s  o f  d a t a  f o r  a r eas  1" i n  

l a t i t u d e  by 1" i n  longi tude .  

a r e  s ingle-peaked i n  t h e  presence  o f  c louds o r  continuous c loudiness ,  while  i n  

t h e  case  o f  p a r t i a l  c loudiness  they  a r e  double- o r  multi-peaked (a c o r r e l a t i o n  

o f  t h e  main maximum with t h e  temperature  o f  t h e  ocean ' s  s u r f a c e  occur s ) .  

values  o f  t h e  s u r f a c e  temperature  a r e  taken a s  t h e  maximum values  f o r  a r e a s  o f  /30 

0.5" i n  l a t i t u d e  by 0.5" i n  long i tude .  

Analysis  o f  t h e  his tograms has shown t h a t  they  

The 
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Figure 1 2 .  
grams o f  t h e  Temperature a t  Various Po in t s  Based on t h e  Nimbus I1 Data f o r  
November 15 ,  1966. 
The dashed curves i n d i c a t e  t h e  p o s i t i o n  of  t h e  c o a s t l i n e  

F i e l d  o f  t h e  Average Temperature o f  t h e  Ocean's Sur face  and His to-  
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Figure 13. In f r a red  Image o f  t h e  Water Area o f  t h e  A t l a n t i c  Ocean i n  t h e  
Region of t h e  Gulf Stream Flow Represented i n  t h e  Form o f  I s o l i n e s  o f  t h e  
Ocean's Sur face  Temperature. Obtained by Nimbus I1 on June 2 ,  1966. 

S ince  t h e  very s e n s i t i v e  i n f r a r e d  ins t rumenta t ion  permi ts  record ing  

small  temperature  c o n t r a s t s ,  an i n f r a r e d  photograph can be used t o  d e t e c t  and 

t r a c e  s e a  c u r r e n t s .  The au thors  o f  [31] have c a r r i e d  out  c a l c u l a t i o n s  which 

have demonstrated t h e  t h e o r e t i c a l  p o s s i b i l i t y  o f  so lv ing  such a problem. 

An a n a l y s i s  of  t he  i n f r a r e d  images obta ined  wi th  t h e  he lp  o f  t h e  Nimbus I1 

s a t e l l i t e  has  confirmed thes.e conclusions [32, 331. The f i e l d  o f  temperature  

i s o l i n e s  of t h e  A t l a n t i c  Ocean's s u r f a c e  i n  t h e  reg ion  of  t h e  Gulf Stream 

cur ren t  ob ta ined  on the  b a s i s  o f  t h e  u t i l i z a t i o n  of an i n f r a r e d  image f o r  

t h e  water  a r e a  under cons ide ra t ion  obta ined  June 2 ,  1966 (Nimbus 11) i s  

i l l u s t r a t e d  i n  Figure 13.  The Gulf Stream is  c l e a r l y  d i s t i n g u i s h e d  as a 

zone of increased  temperature  va lues .  

o u t l i n e d  very c o n t r a s t i n g l y .  

The no r the rn  boundary o f  t h e  flow i s  
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5.  The E a r t h ' s  Thermal Balance 

Besides t h e  t e l e v i s i o n  i n f r a r e d  information,  t h e  r e s u l t s  o f  s a t e l l i t e s  

ac t inomet r i c  measurements are t h e  most numerous. 

t h e  p r e s e n t  case is  now n o t  on ly  about t h e  t h e o r e t i c a l  p o s s i b i l i t i e s  o r  

ind iv idua l  i l l u s t r a t i o n s  b u t  about t h e  s u f f i c i e n t l y  s e t t l e d  t r e n d  o f  s a t e l l i t e  

r a d i a t i o n  cl imatology.  

t h e  problems, we r e c a l l  t h a t  t h e  equat ion o f  t h e  thermal ( r a d i a t i o n )  balance 

o f  t h e  Earth-atmosphere system R has  t h e  form 

The t o p i c  o f  d i s c u s s i o n  i n  

P r i o r  t o  moving on t o  a d i scuss ion  o f  t h e  n a t u r e  o f  

S 

where Q, i s  t h e  r a t e  o f  a r r i v a l  o f  s o l a r  r a d i a t i o n  o u t s i d e  t h e  atmosphere's  

boundary, which v a r i e s  o f  a func t ion  o f  t h e  d i s t a n c e  between t h e  Earth and 

the  Sun; As i s  the  albedo; and Fa i s  t h e  emergent long-wavelength r a d i a t i o n .  

Procedure f o r  I n t e r p r e t i n g  t h e  Data o f  Emergent Radiat ion Measurements 

An at tempt  t o  i n t e r p r e t  t h e  d a t a  o f  emergent r a d i a t i o n  measurements 

f o r  t h e  purpose o f  u t i l i z i n g  t h e  r e g u l a r i t i e s  o f  t h e  spa t i a l - t empora l  

v a r i a b i l i t y  o f  t h e  thermal ( r a d i a t i o n )  balance o f  t h e  p l a n e t  has  confirmed t h e  

a d v i s a b i l i t y  o f  two types o f  i n s t rumen ta t ion :  narrow-angle scanning and 

wide-angle radiometers  [l ,  41. Both narrow-angle and wide-angle instruments  

are mounted on Sov ie t  meteorological  s a t e l l i t e s  [4]. The main advantage o f  

measurements with t h e  h e l p  o f  narrow-angle radiometers  i s  t h e  p o s s i b i l i t y  o f  

ob ta in ing  a very d e t a i l e d  s p a t i a l  d i s t r i b u t i o n  o f  t h e  measurable components 

o f  t he  Earth -atmosphere sys t em ' s  r a d i a t i o n  balance.  The s e r i o u s  d i f f i c u l t y  

o f  i n t e r p r e t i n g  t h e  r ead ings  o f  t h e  narrow-angle d e t e c t o r  for t h e  purpose o f  

determining t h e  hemispherical  emergent r a d i a t i o n  f l u x e s  c o n s i s t s  i n  t h e  

n e c e s s i t y  o f  a p r i o r i  s p e c i f y i n g  t h e  angular  d i s t r i b u t i o n  o f  i n t e n s i t y  o f  

emergent r a d i a t i o n .  The advantage o f  t h e  wide-angle d e t e c t o r  c o n s i s t s  i n  t h e  

wide coverage o f  t e r r i t o r y  ( t h i s  s imultaneously i n d i c a t e s ,  o f  course,  t h a t  

t h e  s p a t i a l  r e s o l v i n g  power i s  low). Due t o  t h e  fact t h a t  t h e  wide-angle 

radiometers  were mounted on a l a r g e  number o f  s a t e l l i t e s  and have ope ra t ed  

a long t i m e ,  t h e  obse rva t iona l  d a t a  have accumulated up t o  t h e  p r e s e n t  t i m e  

f o r  approximately f i v e  y e a r s  [42-441. 
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I n  r e c e n t  yea r s  problems o f  t h e  procedure f o r  i n t e r p r e t i n g  t h e  d a t a  of 

emergent r a d i a t i o n  measurements have been d i scussed  very e x t e n s i v e l y  ( s e e ,  

f o r  example, [39, 4 2 ,  451). Therefore ,  we w i l l  res t r ic t  ou r se lves  t o  on ly  

s h o r t  commentaries r e f e r r i n g  t o  t h e  most s i g n i f i c a n t  a s p e c t s  o f  i n t e r p r e t a t i o n .  

As t h e  au tho r s  o f  [45] have noted,  t h e  r educ t ion  procedure f o r  t h e  d a t a  

o f  ac t inomet r i c  measurements, which can be c a r r i e d  ou t  with t h e  h e l p  of 

meteorological  s a t e l l i t e s ,  i nc ludes  t h e  fol lowing s t e p s .  

1. The t r a n s i t i o n  from e l e c t r i c a l  q u a n t i t i e s  a t  t h e  output  of t h e  

radiometer o r  t e l e m e t r i c  system t o  values  of t h e  i n t e n s i t i e s  o r  f l u x e s  of 

t h e  r a d i a t i o n  a t  t he  s a t e l l i t e ' s  a l r i t u d e  (us ing  t h e  r e s u l t s  o f  a p re l imina ry  

c a l i b r a t i o n  o f  t h e  instrument  and t h e  d a t a  of t h e  onboard c a l i b r a t i o n s ) .  

2 .  Taking account o f  t h e  s e l e c t i v i t y  o f  t h e  d e t e c t o r s  o f  emergent 

r a d i a t i o n  and a l s o  as a discrepancy o f  t h e  energy d i s t r i b u t i o n  i n  t h e  s p e c t r a  

of t h e  s t anda rd  source  used t o  c a l i b r a t e  t h e  instrument  and t h e  p l a n e t ' s  

emergent r a d i a t i o n .  

3 .  Taking account o f  v a r i a t i o n  o f  t h e  s e n s i t i v i t y  o f  t h e  radiometers 

during t h e  o p e r a t i o n a l  p e r i o d  and a l s o  i n  t h e  launch phase (as  i s  well known, 

t h e  uncon t ro l l ab le  v a r i a b i l i t y  of  t h e  s e n s i t i v i t y  of  t h e  f ive-channel  

radiometers mounted on t h e  T i ros  s a t e l l i t e s  has  g r e a t l y  complicated and 

prolonged i n  time t h e  p rocess  o f  i n t e r p r e t i n g  the  r e s u l t s  o f  t h e  measurements). 

4 .  Conversion o f  t h e  i n t e n s i t i e s  o r  f l u x e s  o f  t h e  emergent r a d i a t i o n  

a t  t h e  s a t e l l i t e ' s  l e v e l  i n t o  hemispherical  f l u x e s  f o r  va lues  o f  t h e  albedo 

( f o r  measurements i n  t h e  short-wavelength region of  t h e  spectrum) f o r  t h e  

cond i t ions  o f  t h e  atmosphere's  upper boundary. 

5.  The f i r s t  t h r e e  problems are solved 

d a t a  o f  p r e - f l i g h t  and onboard c a l i b r a t i o n s .  

important problem o f  t h e  c a l i b r a t i o n s ,  w e  w i  

source of t h e  problems enumerated above. 

The d i f f i c u l t y  o f  s o l v i n g  t h i s  problem 

on t h e  b a s i s  o f  u t i l i z i n g  t h e  

Leaving a s i d e  t h e  very Earth 

1 t u r n  t o  a d i scuss ion  o f  t h e  

s d i s t i n g u i s h e d  by t h e  f a c t  t h a t  

it i s  necessary t o  determine t h e  r a d i a t i o n  f l u x  F ,  i . e . ,  t o  c a r r y  o u t  t h e  

i n t e g r a t i o n  on a hemisphere as 
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on t h e  b a s i s  o f  a s i n g l e  measured value o f  t h e  i n t e n s i t y  o f  r e f l e c t e d  

r a d i a t i o n  J(B*,B*) f o r  z e n i t h  ang le  e* and azimuth B *  ( the  azimuth i s  u s u a l l y  

f igu red  from t h e  Sun's d i r e c t i o n ) .  

If t h i s  ope ra t ion  i s  c a r r i e d  o u t ,  t h e  albedo As of  t h e  Earth-atmosphere /z 
system i s  determined from t h e  fol lowing obvious equat ion:  

where S i s  t h e  s o l a r  cons t an t  and i i s  t h e  Sun's  u n i t  angle .  0 

The i d e a  behind a l l  conversion methods l i es  i n  t h e  use ,  d i r e c t l y  o r  

i n d i r e c t l y ,  o f  d a t a  on t h e  average angular  d i s t r i b u t i o n  o f  t h e  s c a t t e r e d  

(emergent s h o r t  -wavelength) r a d i a t i o n .  The conversion reduces t o  t h e  use  

of  t h e  hypothesis  o f  i s o t r o p y  o f  t h e  r a d i a t i o n  f i e l d  o r  t h e  angular  d i s t r i b u -  

t i o n  d a t a  obtained on t h e  b a s i s  o f  t h e o r e t i c a l  c a l c u l a t i o n s  f o r  a "cl imat ic"  

model o f  t h e  i tmosphere.  Data from d i r e c t  measurements, namely, s a t e l l i t e s  , 
ba l loons ,  and a i r p l a n e s ,  have a l s o  been app l i ed  i n  a number o f  papers  [40, 411 

Let t h e  func t ion  X(0*,B*,i) be def ined with r e s p e c t  t o  t he  angular  

d i s t r i b u t i o n  o f  t h e  average i n t e n s i t y  of s c a t t e r e d  r a d i a t i o n  7 ( 0 , 8 , i )  as 

fol lows:  

Apart from t h e  angle  0" and B*, t h e  f r a c t i o n  o f  t h e  r a d i a t i o n  s c a t t e r e d  

i n  d i f f e r e n t  d i r e c t i o n s  s t i l l  depends on t h e  Sun's zen i th  angle  i ,  i . e . ,  

X i s  a func t ion  of  t h r e e  v a r i a b l e s .  I f  J ( e * , B , i )  i s  t h e  r e s u l t  o f  a measure- 

ment o f  a r a d i a t i o n  i n t e n s i t y  o f  a s p e c i f i c  geographical  p o i n t ,  t h e  albedo 

o f  t h e  Earth-atmosphere system a t  t h i s  p o i n t  i s  equal t o  
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A n  at tempt  t o  reduce t h e  d a t a  of Nimbus I1 and Nimbus I11 showed [40, 411 

t h a t  t h e  use o f  t h e  r e s u l t s  o f  "model" c a l c u l a t i o n s  f o r  determining t h e  

func t ion  o f  X does no t  l ead  t o  s a t i s f a c t o r y  r e s u l t s .  The cons t ruc t ion  o f  

t y p i c a l  angular  d i s t r i b u t i o n s  o f  t h e  emergent short-wavelength r a d i a t i o n  

on t h e  b a s i s  o f  t h e  experimental  d a t a  i s  s i g n i f i c a n t l y  more r e l i a b l e .  The 

authors  o f  1401, f o r  example, used t h r e e  c h a r a c t e r i s t i c  angu la r  d i s t r i b u t i o n s  

f o r  t h e  s o l a r  zen i th  angle  ranges o f  0-35, 35-60, and 60-80'. 

The corresponding conversion procedure f o r  measurements i n  t h e  long- 

-wavelength s p e c t r a l  region t u r n s  o u t  t o  be s imple r ,  s i n c e  t h e  angular  

d i s t r i b u t i o n  o f  t h e  emergent thermal r a d i a t i o n  does not  depend on t h e  

average e i t h e r  on t h e  Sun's a l t i t u d e  o r  on i t s  azimuth (of  cour se ,  t h e  

angular  d i s t r i b u t y o n  i s  very "mottled" i n  t h e  presence o f  f requent  c loud iness ) .  

Therefore ,  it t u r n s  o u t  t o  be s u f f i c i e n t  t o  in t roduce  a c h a r a c t e r i s t i c  

of t h e  average angu la r  d i s t r i b u t i o n  o f  t h e  emergent long-wavelength r a d i a t i o n  

Y ( e * )  as fol lows:  
/ g  

which permits  reducing t h e  measured values  of t h e  r a d i a t i o n  i n t e n s i t y  J ( O * )  

t o  f l u x e s  F :  

J u s t  as i n  t h e  determinat ion o f  t h e  func t ion  X ,  t h e  s t a t i s t i c a l  reduct ion 

of empi r i ca l  d a t a  on t h e  emergent long-wavelength r a d i a t i o n  i s  t h e  most 

r e l i a b l e  method o f  f i n d i n g  t h e  func t ion  Y .  

The r educ t ion  t o  t h e  l e v e l  o f  t h e  atmosphere's  nominal upper boundary 

of t h e  f l u x  values  measured by wide-sector  (hemispherical)  radiometers  f o r  t h e  

long-wavelength s p e c t r a l  r eg ion  a l s o  t u r n s  o u t  t o  be  very s imple.  
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Since a dependence o f  t h e  long-wavelength emergent r a d i a t i o n ' s  angular  

d i s t r i b u t i o n  on azimuth is  absent  on t h e  average and t h e  r a d i a t i o n  v e c t o r  i s  

d i r e c t e d  along a r ad ius  from t h e  E a r t h ' s  c e n t e r ,  w e  have 

where a is  t h e  E a r t h ' s  r a d i u s ,  H i s  t h e  s a t e l l i t e ' s  a l t i t u d e ,  and h is  t h e  

a l t i t u d e  o f  t h e  atmosphere's  nominal upper boundary. 

In the  case  o f  short-wavelength r a d i a t i o n  the  method f o r  determining 

the  albedo o f  t h e  Earth-atmosphere system from t h e  d a t a  o f  wide-angle r ad io -  

meter measurements should a l s o  both  t ake  i n t o  account t h e  nonuniformity 

o f  t h e  s i g h t e d  t e r r i t o r y ' s  i l l umina t ion  by the  Sun and t ake  i n t o  d e t a i l e d  

account t h e  average angu la r  d i s t r i b u t i o n  o f  t h e  s c a t t e r e d  r a d i a t i o n .  

I t  is  necessary  t o  t u r n  ou r  a t t e n t i o n  a l s o  t o  t h e  problems o f  s p a t i a l  

l o c a l i z a t i o n  and t h e  accuracy o f  i n t e r p r e t i n g  t h e  d a t a  of  t h e  wide-angle 

radiometer  measurements. These problems were d iscussed  by K .  Ya. Vinnikov 

[46] .  
i n  a number o f  papers  a s  t h e  average va lues  of  t h e  r a d i a t i o n  f luxes  over  t h e  

e n t i r e  survey a r e a ,  which a t  t h e  normal a l t i t u d e s  of  meteoro logica l  s a t e l l i t e  

amounts t o  about 7% o f  t h e  E a r t h ' s  s u r f a c e .  

H e  showed t h a t  t h e  d a t a  o f  s i m i l a r  measurements were t r e a t e d  i n c o r r e c t l y  

Using the  r e s u l t s  o f  i n v e s t i g a t i o n s  of  t h e  s t a t i s t i c a l  s t r u c t u r e  o f  

r a d i a t e d  f l u x e s ,  one can show t h a t  t h e  d a t a  o f  t h e  hemispherical  radiometers  

should be i n t e r p r e t e d  a s  average va lues  over  comparat ively small a r e a s .  The 

measurable va lues  o f  t h e  long-wavelength emergent r a d i a t i o n  d i f f e r ,  according 

t o  t h e  e s t ima tes  o f  K .  Ya. Vinnikov, l e a s t  of  a l l  ( i n  t h e  sense  o f  a minimum 

of  t h e  mean square' e r r o r )  from t h e  va lues  of  t h e  r a d i a t i o n  averaged over  a 

c i r c u l a r  a r e a  with i t s  c e n t e r  a t  t h e  s u b s a t e l l i t e  p o i n t  and having a r ad ius  o f  /34 

750, 1,100 and 1,400 km a t  s a t e l l i t e s ,  a l t i t u d e s  o f  500, 800 and 1,000 km, 

r e s p e c t i v e l y .  Regardless o f  t h e  l a r g e  s c a l e  o f  t h e  s p a t i a l  averaging c a r r i e d  

out  by t h e  wide-angle rad iometers ,  they  capture  a s i g n i f i c a n t  f r a c t i o n  o f  

t h e  emergent r a d i a t i o n  f i e l d ' s  d i s p e r s i o n  (74, 63, and 5 5 % ,  r e s p e c t i v e l y  a t  

- 
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t h e  s a t e l l i t e  a l t i t u d e s  i n d i c a t e d  above). The l a t t e r  s i t u a t i o n  can be 

explained only by t h e  e x c e p t i o n a l l y  l a r g e  scale o f  t h e  main p e r t u r b a t i o n s  o f  

t h e  long-wavelength emergent r a d i a t i o n  f i e l d .  

The i n d i c a t i o n  i s  t h a t  t h e  d a t a  of measurements c a r r i e d  o u t  with t h e  h e l p  

of wide-sector  radiometers  i s  o f  g r e a t  information con ten t  (and o f  s u f f i c i e n t l y  

concentrated l o c a l i z a t i o n ) .  

Taking i n t o  account t h e  d i u r n a l  v a r i a t i o n  o f  t h e  components o f  t h e  

r a d i a t i o n  balance of t h e  Earth-atmosphere i s  an important  s t e p  i n  t h e  d a t a  

r educ t ion .  This must be considered first of  a l l  i n  o rde r  t o  make t h e  

d a t a  of measurements ove r  a l a r g e  t e r r i t o r y  comparable. 

The effect  o f  t h e  d i u r n a l  v a r i a t i o n  can be excluded by r e p l a c i n g  t h e  

measured f l u x  values  by c o n d i t i o n a l  d i u r n a l  sums ( see  [61]) .  We w i l l  d e s igna te  

as cond i t iona l  d i u r n a l  sums t h e  d i u r n a l  sums o f  t h e  r a d i a t i o n  obtained on 

t h e  b a s i s  of a s i n g l e  measurement on t h e  assumption t h a t  only t h e  Sun's  

a l t i t u d e  but  no t  t h e  atmosphere's  parameters and i t s  s u r f a c e  have a d i u r n a l  

v a r i a t i o n .  Account o f  t h e  d i u r n a l  v a r i a t i o n  has  been c a r r i e d  ou t  most 

completely i n  [39-411, which a r e  devoted t o  a c l i m a t o l o g i c a l  r educ t ion  o f  t h e  

d a t a  of t he  Nimbus I1 and Nimbus I11 s a t e l l i t e s .  Since t h e s e  s a t e l l i t e s  were 

loca ted  i n  a solar-synchronous o r b i t ,  i . e . ,  a l l  t h e  measurements were c a r r i e d  

ou t  a t  midnight o r  noon according t o  l o c a l  mean p o l a r  t i m e  a t  any geographical 

p o i n t ,  cons ide ra t ion  o f  t h e  d i u r n a l  v a r i a t i o n  was e s p e c i a l l y  important f o r  

t h e  short-wavelength r a d i a t i o n ,  a l l  measurements o f  which refer t o  the  Sun's 

maximum a l t i t u d e .  

In t h e  course o f  t h e  r educ t ion  of t h e  Nimbus I1 d a t a  [39] an empi r i ca l  

dependence was cons t ruc t ed  o f  t h e  albedo o f  t h e  Earth-atmosphere system on 

t h e  Sun's zen i th  ang le .  This empi r i ca l  dependence was then used t o  c a l c u l a t e  

t he  albedo, which i s  d e f i n a b l e  as t h e  r a t i o  o f  t h e  amount o f  r a d i a t i o n  

r e f l e c t e d  during t h e  d a y l i g h t  hours t o  t h e  d i u r n a l  sum o f  s o l a r  r a d i a t i o n  

a r i s i n g  a t  t he  atmosphere's  upper boundary. 

I t  was l a t e r  shown [41] t h a t  t h e  use o f  a s i n g l e  u n i v e r s a l  dependence 

of t h e  albedo on t h e  Sun's  z e n i t h  d i s t a n c e  does n o t  l e a d  t o  s u f f i c i e n t l y  

c o r r e c t  r e s u l t s .  Therefore ,  i n  t h e  r educ t ion  o f  t h e  Nimbus I11 d a t a  two 
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c h a r a c t e r i s t i c  dependences were used (Figure 1 4 ) :  one o f  t h e s e  dependences 

was f o r  an underlying s u r f a c e  wi th  low albedo (ocean),  and t h e  o t h e r  was f o r  

su r faces  with high albedo (clouds o r  d r y  l a n d ) .  

c l e a r l y  demonstrates t h e  importance o f  d i f f e r e n t i a t i n g  t h e  dependence of  t h e  

albedo on t h e  Sun’s z e n i t h  d i s t a n c e .  The use of  t h e s e  d a t a  have l e d  t h e  

values  of  t h e  albedo f o r  t h e  oceans which a r e  somewhat h ighe r  t han  those  

obtained i n  t h e  r educ t ion  o f  t h e  Nimbus I1 r e s u l t s .  On t h e  con t r a ry ,  t h e  

values  of t h e  albedo ove r  regions o f  dry l and ,  c loud iness ,  and snow cover 

were decreased somewhat. P a r t i a l l y  i n  connection with t h i s  s i t u a t i o n ,  t h e  

global  albedo based on t h e  Nimbus I11 d a t a  turned out  t o  be 1 - 2 %  lower than 

t h a t  based on Nimbus I 1  d a t a  (see below). 

Considerat ion of  Figure 14 

/? 

/’ 
,/x 

Figure 1 4 .  Dependence o f  t h e  Albedo o f  t he  Earth-Atmosphere System on t h e  
Sun’s A l t i t u d e  5 .  
1 - -  Universal  dependence taken i n  t h e  r educ t ion  o f  t h e  Nimbus I1 d a t a ;  
2 - -  Dry land and clouds (Nimbus 111);  3 - -  Ocean (Nimbus 111) .  

The r a d i a t i o n  c h a r a c t e r i s t i c s  obtained as a r e s u l t  o f  t h e  r educ t ion  s t a g e s  

enumerated should undergo an o b j e c t i v e  a n a l y s i s .  Since i n  t h e  ma jo r i ty  o f  

contemporary methods o f  numerical  weather p r e d i c t i o n  information i s  used 

which i s  i n t e r p o l a t e d  p r o v i s i o n a l l y  a t  t he  nodes o f  a r e g u l a r  g r i d ,  i t  i s  

necessary t o  s o l v e  t h e  analogous problem f o r  t h e  r a d i a t i o n  f i e l d s .  

In  c o n t r a s t  t o  such meteorological  elements as t h e  g e o p o t e n t i a l ,  

temperature,  p r e s s u r e ,  and wind ‘(for  which l o c a l  values  o f  t h e  elements 

themselves o r  t h e i r  d i f f e r e n t i a l  c h a r a c t e r i s t i c s  should be ob ta ined  a t  t h e  
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nodes o f  a r e g u l a r  g r i d  as t h e  r e s u l t  o f  i n t e r p o l a t i o n ) ,  t h e  no t ion  of 

ob ta in ing  i n t e r v a l  c h a r a c t e r i s t i c s  arises when d e a l i n g  wi th  t h e  r a d i a t i o n  

f l u x e s .  

As K .  Ya. Vinnikov has  shown [48], it i s  adv i sab le  t o  c a r r y  ou t  t h e  

a n a l y s i s  i n  such a way a s  t o  ob ta in  va lues  o f  t h e  emergent r a d i a t i o n  o r  

a lbedo averaged over  a r e a s  of  elementary squares  o f  a r e g u l a r  g r i d .  

In  t h e  r educ t ion  o f  t h e  d a t a  o f  measurements made with t h e  h e l p  o f  

t h e  T i ros  s a t e l l i t e s  a very simple method was used by t h e  American i n v e s t i g a -  

t o r s  t o  ob ta in  such i n t e g r a l  c h a r a c t e r i s t i c s  i n  t h e  neighborhood of  each 

node o f  a square  g r i d  wi th  an increment of about 350 km [ 6 2 ] .  Evident ly  

t h e  method o f  opt imal  averaging o f  random q u a n t i t i e s  proposed by R .  L .  Kagan 

[47] i s  more i d e a l  i n  t h e  p re sen t  case .  The p o s s i b i l i t i e s  and p e c u l i a r i t i e s  

o f  t h e  a p p l i c a t i o n  o f  t h i s  method t o  an a n a l y s i s  o f  t h e  f i e l d  o f  ac t inomet r i c  

q u a n t i t i e s  have been d iscussed  i n  d e t a i l  by K .  Ya. Vinnikov [48] .  

The main i d e a  o f  t h e  method o f  optimal averaging l i e s  i n  t h e  fo l lowing .  

The average va lue  o f  an element q over  a square  whose s i d e  i s  2 ,  namely, /x 0 
I 1  

i s  sought i t h e  form o f  a l i n e a r  combination o f  va lues  o f  t h e  elements q 

at  n p o i n t ,  which can be loca ted  both i n s i d e  t h e  square  and o u t s i d e  i t ,  
i 

i = I  

The weight c o e f f i c i e n t s  with which t h e  va lues  of t h e  element q e n t e r  i 
a t  each o f  t h e  n p o i n t s  are determined by t h e  method of l e a s t  squares  from t h e  

condi t ion  o f  a minimum o f  t h e  mean square e r r o r  o f  t h e  r e p r e s e n t a t i o n  given 

i n  equat ion  (10) .  

The va lues  o f  t h e  a u t o c o r r e l a t i o n  func t ion  of t h e  f i e l d  o f  t h e  element 

be ing  analyzed a r e  t h e  c o e f f i c i e n t s  o f  t h e  system o f  l i n e a r  a l g e b r a i c  
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equat ions f o r  determining t h e  i n t e r p o l a t i o n  weights p i n  t h e  case of  such 

a s ta tement  of t h e  problem, and t h e  r ighthand s i d e s  o f  t h e s e  equat ions are 

the  va lues  o f  t h e  r e c i p r o c a l  c o r r e l a t i o n  func t ion  between t h e  average and 

l o c a l  values  o f  t h e  same element.  

i 

The problem o f  i n v e s t i g a t i n g  t h e  s t a t i s t i c a l  s t r u c t u r e  o f  t h e  r a d i a t i o n  

f i e l d s  arises i n  connection with t h e  s o l u t i o n  o f  t h e  problem of o b j e c t i v e  

a n a l y s i s .  Some r e s u l t s  i n  t h i s  d i r e c t i o n  have a l r eady  been obtained i n  t h e  

papers  o f  E .  P .  Borisenkov, Yu. P .  Doronin, and K .  Y a .  Kondrat'ev [63, 641, 

L .  S. Gandin and V.  P .  Boltenkov [65], and o t h e r s .  

Applicat ion o f  s t a t i s t i c a l l y  optimal methods o f  a n a l y s i s  permits  

compressing t h e  volume o f  information which e n t e r s  as a r e s u l t  o f  t h e  

measurements by v i r t u e  o f  t h e  f i l t e r i n g  out  o f  random f l u c t u a t i o n s  o f  t h e  

r a d i a t i o n  f i e l d  which do not  have p r e d i c t i v e  o r  d i a g n o s t i c  va lue .  

i n t e g r a l  c h a r a c t e r i s t i c s  o f  t h e  r a d i a t i o n  f i e l d s  a r e  more convenient i n  

comparison with l o c a l  c h a r a c t e r i s t i c s  i n  t h e  i n v e s t i g a t i o n  o f  l a r g e - s c a l e  

processes  i n  the  atmosphere, t h e  energy balance of t h e  Earth-atmosphere 

s y s t e m ,  and a l s o  f o r  c l i m a t o l o g i c a l  g e n e r a l i z a t i o n s .  

The 

Mean Annual P lane ta ry  D i s t r i b u t i o n  

Un t i l  r e c e n t l y  our  ideas  about t h e  r e g u l a r i t i e s  o f  t h e  p l a n e t a r y  

d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  balance o f  t h e  E a r t h ' s  surface-atmosphere 

system were based almost e x c l u s i v e l y  on t h e  use  o f  c a l c u l a t e d  d a t a  [Sl-561. 

The ac t inomet r i c  d a t a  o f  meteorological  s a t e l l i t e s  f i rs t  pe rmi t t ed  

us t o  c a r r y  out  a comparison with experiment of  t h e  computed c l ima to log ica l  

map o f  t h e  p l a n e t a r y  d i s t r i b u t i o n  o f  r a d i a t i o n  balance o f  t h e  E a r t h ' s  

surface-atmosphere system. However, a t  t h e  f irst  s t a g e  o f  t h e  i n v e s t i g a t i o n s  

such a comparison could be on ly  r a t h e r  t e n t a t i v e ,  s i n c e  t h e  experimental  

d a t a  were 

adequate spa t i a l - t empora l  averaging.  Only i n  r e c e n t  papers  [39-44, 801 a r e  

r e s u l t s  be ing  pub l i shed  o f  a r educ t ion  of s a t e l l i t e  a c t i n o m e t r i c  information 

which r e p r e s e n t  t h e  c o r r e c t  c l i m a t o l o g i c a l  p r o p e r t i e s  (average values  du r ing  

a y e a r ,  t h e  seasons,  and months) r e f e r r i n g  t o  p r a c t i c a l l y  t h e  e n t i r e  Earth.  

These d a t a  have se t  up t h e  b a s i s  f o r  t h e  f irst  i n v e s t i g a t i o n s  i'n t h e  r eg ion  

r e s t r i c t e d  from t h e  p o i n t  o f  view o f  t h e  p o s s i b i l i t y  o f  t h e i r  /E 
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of s a t e l l i t e  r a d i a t i o n  cl imatology and have pe rmi t t ed  c a r r y i n g  o u t  a check o f  

t h e  r e s u l t s  o f  c a l c u l a t i o n s  which were made ear l ier .  

In  t h e  comparison c a r r i e d  ou t  by K.  Ya. Kondrat'ev and L .  N .  D'yachenko 

[49], t hey  used t h e  d a t a  o f  c a l c u l a t i o n s  and maps of  t h e  p l a n e t a r y  d i s t r i b u t i o n  / 

of t h e  E a r t h ' s  r a d i a t i o n  balance and i t s  components ob ta ined  i n  t h e  papers  of  

T. G .  Berlyand [51], K .  Ya. Vinnikov [52-531, K .  Y a .  Kondrat 'ev,  L .  N .  

D'yachenko, and K .  Ya. Vinnikov [45], and A .  Katayama [54]. The r e s u l t s  of 

s a t e l l i t e  measurements (during t h e  pe r iod  o f  J u l y  1963 u n t i l  November 1965) 

reduced by T. H.  Vonder Haar [42]  were t h e  source o f  t h e  experimental  d a t a .  

T. H .  Vonder Haar used very ex tens ive  s a t e l l i t e  a c t i n o m e t r i c  information 

obtained with t h e  h e l p  o f  t h e  y-angle d e t e c t o r s  of V .  E .  Suomi's system, 

and he app l i ed  a s u f f i c i e n t l y  c o r r e c t  procedure f o r  reducing t h e  r e s u l t s  

o f  t h e  measurements, t a k i n g  i n t o  account t h e  d a t a  o f  f r equen t  onboard 

c a l i b r a t i o n s  based on t h e  Sun. 

t h a t  t h e  e f f e c t  o f  random p a i r s  was p r a c t i c a l l y  excluded. 

determining t h e  average va lues  o f  t h e  r a d i a t i o n  balance and i t s  components 

do no t  exceed s e v e r a l  p e r c e n t .  

This  procedure gave a b a s i s  f o r  t h e  assumption 

The e r r o r s  i n  

A comparison o f  t h e  experimental  annual maps o f  t h e  p l a n e t ' s  r a d i a t i o n  

balance Rs with the  computed c l ima to log ica l  maps shows t h a t  completely 

s a t i s f a c t o r y  q u a l i t a t i v e  agreement i s  observed f o r  t h e  f i e l d s  o f  t h e  r a d i a t i o n  

balance (Figure 15) .  For example, t h e  zones of maximum va lues  o f  t h e  balance,  

which a r e  loca t ed  i n  t h e  region o f  e q u a t o r i a l  l a t i t u d e s ,  match. However, 

as f a r  as t h e  abso lu te  va lue  i s  concerned, t h e  c a l c u l a t e d  va lues  R a r e  

s i g n i f i c a n t l y  sma l l e r  t han  t h e  measured va lues .  

a decrease i s  observed i n  t h e  r a d i a t i o n  balance;  t h e  zero i s o l i n e s  ( c a l c u l a t e d  

and measured) a r e  loca t ed  nearby t h e  l a t i t u d e  40' both i n  t h e  southern 

and no r the rn  hemisphere. 

hemisphere i s  almost zonal ,  which i s  caused by t h e  un i fo rmi ty  o f  t h e  underlying 

s u r f a c e  (ocean).  

S 

As t h e  l a t i t u d e  i n c r e a s e s ,  

The d i s t r i b u t i o n  o f  t h e  balance i n  t h e  southern 

The agreement o f  t h e  zero i s o l i n e s  of t he  balance i s  s a t i s f a c t o r y  enough. 

The l a r g e s t  dev ia t ion  occurred on d ry  land,  i n  t h e  region o f  t h e  southern 

extremity of t h e  South American c o n t i n e n t .  In  t h e  Northern Hemisphere t h e  
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deviation of the zero isolines is also small over the ocean and significant 
over the continents. 
strongly only from latitude 40" and from the isoline based on the measured 
data over part of the Eurasian continent. 

The calculated zero isoline deviates particularly 

The nonuniformities of the underlying surface of the continents result 
in a mismatch of the isolines of  the measured and calculated values of the 
radiation balance, which is 
Sahara and Arabian deserts. 
regions of  the northern and southern hemispheres. 
Rs vary from values smaller than - 0 . 0 8  to +0.12 cal/cm2.min in the Northern 
Hemisphere and from -0.12 to +O. 12 cal/cm2*min in the Southern Hemisphere 
(see Figure 15) ,  and the calculated values vary from -0.12 to + 0 . 0 8  cal/cm2.min 
in the Northern Hemisphere and from -0.04 (the region of 50" S. Lat.) to 
+ 0 . 0 8  cal/cm2.min in the Southern Hemisphere. 

especially noticeable in the region of the /E 
The minimum values of R occur in the polar 

S 

The measured values of 

Success in obtaining data for the calculations of R for higher latitudes 
than 50" S. Lat. has not been achieved because of the absence of the necessary 
initial information. 

S 

It is natural that the nature of the geographical distribution of the 
radiation balance of the Earth-atmosphere system is determined by the 
specific properties of the spatial variability of its components, namely, 
the planet's albedo As and the emergent long-wavelength radiation Fm. 

Upon comparison of the annual map of the Earth-atmosphere system's albedo 
constructed by T. H. Vonder Haar on the basis of satellite measurements with 
the climatological map of K. Ya. Vinnikov, attention is drawn first of all 
to the systematic quantitative discrepancy, which amounts to approximately 
17" on the average €or the entire Earth (Table 1). The calculated values of 
the albedo for all the latitude belts systematically exceed the measured 
values. Evidently, this situation is explained in the first place by an 
exaggeration in the estimate of the amount and density of the clouds utilized 
for the albedo calculations. 
"topography" of the convective cloudiness of low latitudes also plays a certain 
role. The large-scale roughness of the cloud cover can result in a noticeable 
decrease of the Earth's albedo. 

It is possible that the strongly expressed /E 
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Figure 15. 
System During the Year (cal/cm2.min). 
1 -- Measured values; 2 - -  calculated values. Note: commas 
indicate decimal points. 

Average Radiation Balance o f  the Earth-Atmosphere 

TABLE 1 

AVERAGE VALUES DURING THE YEAR OF THE EARTH-ATMOSPHERE SYSTEM'S RADIATION 
BALANCE AND ITS COMPONENTS FOR DIFFERENT LATITUDE BELTS. 

Latitude, 
Degrees 

80-70 N. 
70-60 
60-50 
50-40 
40-30 
30-20 
20- 10 
10-0 
0 
0-10 s. 

10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
Earth 

A% 

Calc. 
- -  
43 
40 
37 
35 
33 
32 
33 
33 
33 
33 
33 
35 
38 
-- 
-- 
-- 
35 

Meas. 
44 
40 
36 
32 
27 
24 
20 
20 
20 
20 
20 
23 
27 
32 
36 
40 
45 
29 

Calc . 
- -  

0.27 
0.29 
0.30 
0.32 
0.34 
0.35 
0.34 
0.34 
0.34 
0.34 
0.33 
0.31 
0.29 
- -  
- -  
- -  

0.32 

-_I- 

Meas. 
0.24 
0.27 
0.29 
0.31 
0.34 
0.38 
0.38 
0.38 
0.38 
0.37 
0.38 
0.38 
0.34 
0 .31  
0.29 
0.27 
0.23 
0.33 

Calc. 
-- 

-0.09 
-0.06 
-0.02 
0.01 
0.03 
0.04 
0.06 
0.06 
0.06 
0.05 
0.04 
0.02 

-0.02 
-0.05 
-- 
- -  

-0.03 

Meas. 
-0.10 
-0.07 
-0.05 

0.00 
0.02 
0.04 
0.09 
0.11 
0.10 
0.10 
0.08 
0.06 
0.03 
-0.01 
-0 .06 
-0.09 
-0.11 
+0.04 
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Another difference consists of the fact that if a gap at the boundary 
of dry land and the sea is characteristic for the calculated isolines, the 
measured values do not experience such a gap (Figure 16), which, of course, 
is caused by the large spatial averaging. 

Examination of the annual map of the albedo (Figure 16) shows that 
significant deviations from zonality are observed only in the near-equatorial 
zone. The largest values of the albedo occur at high latitudes (beyond 
the north and south polar circles), and the minimum values occur in the near- 
-equatorial zone over the ocean. 

The distinctive features of the emergent long-wavelength radiation field 
are characterized by the map illustrated in Figure 17. A significant 
non-zonality is observed in this case only in the near-equatorial zones. 
The quantitative deviations of the measured and calculated values of the 
emergent radiation (see Table 1) is significantly smaller than in the case of 
the albedo. The measured values exceed somewhat the calculated values in 
temperate and tropical latitudes, but north of  50" N. Lat. the deviations 
are practically insignificant. In practice, the average calculated and 
measured values of the emergent radiation for the entire Earth coincide /E 
( 0 . 3 2 - 0 . 3 3  cal/cm2-min). 

J.  London and T. Sasamori [ 5 5 ]  have completed new calculations o f  the 
average annual meridional profiles o f  the Earth-atmosphere system's radiation 
balance, which has also made it possible to find more exact values of the 
thermal balance of the Earth as a whole. The use of a more refined procedure 
in the calculations and of far more complete original meteorological data 
has permitted obtaining results which are in very good agreement with 
experiments (only an insignificant adjusting of components o f  the balance, 
for example, expressed as an increase by 1% of the absorbed solar radiation, 
was carried out to provide a zero average annual radiation balance of the 
Earth as a whole). 
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Figure 16.  
During t h e  Year (%) . 
1 - -  Measured va lues ,  2 - -  c a l c u l a t e d  va lues ,  3 - -  gap. 

Average Albedo o f  t h e  Earth-Atmosphere System 

- 1  - - - 7  ....... 3 

Figure 17. Emergent Radiation (cal /cm2-min) .  
1 - -  Measured va lues ,  2 - -  c a l c u l a t e d  va lues ,  
3 - -  gap. 
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The layout  o f  t h e  g loba l  d i s t r i b u t i o n  o f  t h e  average annual va lues  of 

t h e  r a d i a t i o n  balance proposed by J .  London and T. Sasamori 1551 i s  p resen ted  

i n  Figure 18. 

boundaries,  which is  equal t o  1/4 So, i s  taken as 100%. 

albedo amounts t o  33% and i s  determined f irst  o f  a l l  by t h e  r e f l e c t i o n  o f  

r a d i a t i o n  by t h e  clouds (26%). 

s c a t t e r i n g  (back) by t h e  c l o u d l e s s  atmosphere makes a far  smaller c o n t r i b u t i o n  

(7%) .  Since t h e  average degree o f  c loudiness  f o r  t h e  Ea r th  i s  equal t o  

approximately 50% as a whole, it i s  easy t o  understand t h a t  t h e  average 

albedo o f  t h e  clouds amounts t o  SO%, and t h e  albedo o f  t h e  c l o u d l e s s  p a r t  o f  

t h e  p l a n e t  amounts t o  about 15%. These r e s u l t s  p r a c t i c a l l y  correspond t o  t h e  

range o f  albedo ob ta ined  by E .  Raschke and W .  Bandeen 1401 from t h e  Nimbus I1 

d a t a  (with So = 1 .95  cal/cm2-min, t h e s e  au tho r s  obtained a v a l u e  o f  t h e  E a r t h ' s  

albedo equal t o  31%).  Absorption of r a d i a t i o n  by t h e  atmosphere (both 

molecular,  which i s  caused by abso rp t ion  by water vapor,  ozone, carbon d iox ide  

gas ,  and oxygen, as we l l  as ae roso l  abso rp t ion ,  which i s  due t o  t h e  clouds 

and d u s t )  is equal t o  22%, which causes r a d i a t i o n  h e a t i n g  o f  t h e  atmosphere 

amounting t o  0 . 6  degrees/day. Approximately one-half  o f  t h e  abso rp t ion  i s  due 

t o  t h e  water vapor f r a c t i o n .  

absorpt ion i s  d i s t r i b u t e d  i n  almost equal p a r t s  between d i r e c t  s o l a r  (24%) 

and s c a t t e r e d  (21%) r a d i a t i o n .  

The average a r r i v a l  o f  s o l a r  r a d i a t i o n  o u t s i d e  t h e  atmosphere's  

The E a r t h ' s  average 

Ref l ec t ion  by t h e  underlying s u r f a c e  and 

/% 

The underlying s u r f a c e  absorbs 45%. This 

Figure 18. Average Annual Radiation 
Balance o f  t h e  Earth as a Whole 
( i n  % with Respect t o  t h e  Average 
Arr ival  o f  S o l a r  Radiat ion Outside 
t h e  Atmosphere's Boundary). 

Radiat ion Radiat ion 
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The values of the long-wavelength emergent radiation Fa and the effective 
radiation of the underlying surface Fo amounts to 67% and 15%, respectively, 
which causes a negative long-wavelength balance of the atmosphere equal to 
52%. This situation means that radiation cooling reaches 1.5 degrees/day. 
Such cooling is almost two-thirds compensated by the heat of condensation of 

water vapor (30%), while the contribution due to the absorption of solar 
radiation is equal to 22%. 
of the underlying surface's own radiation (113%) and the counter-radiation 
of the atmosphere (98%). 
value of Fm = 0.335 cal/cm*-min, which corresponds to a radiation temperature 
of about 253°K (this value very nearly agrees with that obtained from 

satellite measurements) [sic]. 

The effective radiation is formed as the difference 

If one takes So = 2 cal/cm2.min, the absolute 

Analysis of the computational data showed that on the average the 

radiation balance is close to zero during the year in both hemispheres. 
However, in the Southern Hemisphere higher values of the albedo and smaller 

values of the emergent radiation occur than in the Northern Hemisphere. 
These differences are fixed first of all by the more significant cloudiness 
in the Southern Hemisphere. 

The results of measurements according to T. H. Vonder Haar and of 
calculations of the average meridional profiles of the emergent long-wavelength 
radiation and the absorbed solar radiation are presented in Figure 19. 
is evident, agreement of the results of the calculation with the data of 
the measurements turned out to be completely satisfactory. It is possible 
that the small underestimation of the values of the emergent radiation and 
the absorbed radiation in the Southern Hemisphere is caused by an overestimation 
of the degree of cloudiness taken in the calculations (data on the climatology 
of cloud cover are still not adequate, especially from the point of view of 

determining the type and altitude of the clouds). 
of the radiation balance includes a band from 33' N. Lat. to 37" S. Lat. 

A s  

The zone of positive values 

One of the important and interesting properties of the Earth's radiation 
balance is the atmosphere's long-wavelength balance or the inflow of heat 
to the atmosphere's entire thickness because of the long-wavelength component 
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of the radiation balance. It represents the difference between the effective 
radiation of the underlying surface and the emergent radiation, namely, 
F = F - Fa. The long-wavelength balance is always negative, and this 
indicates that the atmosphere as a whole is cooled because of the long- 
-wavelength radiation. 

- 
a 0  

I 

o 1 1 ! ! l I ,  I L I  I 1 . . I  , 1 . 1  

N. Lat .,goo 60 50 40 ,73 20 
I .  

IO 
I I I I  

0 10 
,- I L 1 I I I I , L A  

20 CG 40 50 60 9 0 " s .  Lat. 

Figure 19. Annual Average Meridional Profiles of the 
Emergent Long-Wavelength Radiation (I) and the Absorbed 
Solar Radiation (11). Note: commas indicate decimal points. 
1 - -  Measured values, 2 - -  calculated values. 

As an example of the distribution over the Earth of the atmosphere's 
long-wavelength balance F 

by L. N. D'yachenko and K. Ya. Kondrat'ev [ 5 6 ]  is presented in Figure 20. 
a map of the annual sum (kcal/cm2-year) constructed a' 

The extreme insufficiency of the data of measurements of the atmosphere's 
long-wavelength balance has acted as a stimulus to taking up the solution 
of the problem of establishing correlation dependences between the values of 
the emergent radiation'Fa and the long-wavelength balance F 
It is difficult to overestimate the importance of such dependences, since 
they make it possible to derive the quantitative characteristics of the 
atmosphere's long-wavelength balance from values of Fa measured, for example, 
with the help of meteorological satellites o r  actinometric radiosondes. 

/% 
[57, 583. a 

The connection between the atmosphere's long-wavelength balance F and a 
the emergent radiation Fa (radiation probe) was found to be non-unique. The 
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authors of [59] therefore attempted to analyze it for separate points under 
various sky conditions (clear, hazy). In addition, warm and cold periods 
were also treated separately (winter, summer). 

Figure 20. 
-year). 

Average Annual Long-Wavelength Balance of the Atmosphere (kcal/cm2. 

It turned out that with such differentiation the dependence of Fa on 
Fa, is sufficiently distinct. 
case of continuous low cloudiness of the FrNb, Ns, Cb type, when the defective 
radiation from the Earth's surface was practically equal to zero. 

A particularly high coupling is observed in the 

Empirical equations for the ca~es of clear and hazy weather were obtained 
from the data of actinometric radiosondes on the basis of the use of the 
correlation dependences. These equations have the form (r is the correlation 

coefficient) : 
Hazy (10 Points) 

Summer Fa = 1.05Fm - 0.018; r = 0.99 

Winter F = 1.18Fa, - 0.048; r = 0.98 

Clear (0-2 Points) 
a 

Summer 

Winter 

Fa = 1.44Fm - 0.199; r = 0.92 

Fa = 1.43Fm - 0.143; r = 0.89. 
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L. V. Berkovich [59] obtained the following regression equations for the /s 
thermal period on the basis of data of  measurements of the Kosmos-144 
sate1 1 ite : 

Clear (0-2 Points) . . Fa = 0.081Fm -.0.217; r = 0.68 

All Cases of Cloudiness 
(0-10 Points) . . Fa = 0.440Fm - 0.160; r = 0.26. 

The regression equations obtained by various authors are presented in 
Table 2. It is natural that the large variety of correlation relations 
hinders the practical solution of the problem of utilizing the data of 
measurements of the long-wavelength emergent radiation for determining the 
atmospherels long-wavelength balance. However, the urgency of this problem 
requires carrying out similar subsequent investigations on the basis of the 
use of more extensive observational data. 

TABLE 2 

CORRELATION RELATION BETWEEN THE ATMOSPHERE'S LONG-WAVELENGTH 
BALANCE AND THE EMERGENT RADIATION. SUMMER. 

Authors 

. .  

K. Ya. Kondrat'ev 
and L. N. D'yachenko 
R. R. Sabatini 
and V. E. Suomi 

L. V. Berkovich 

K. Ya. Kondrat'ev 
and L. N. D'yachenko 
R. R. Sabatini 
and V. E. Suomi 

L. V. Berkovich 

.. . .  

Cloudiness 

. -  

0-2 Points 

Clear 

0-2 Points 

Hazy 
(10 Points) 
Hazy 

All Cases 
(0-10 Points: 

. .  . -  - . .  . 

Corre 1 at ion 
Coefficient 

. .  

0.92 

0 . 8 7  

0.68 

0.99 

0 . 8 5  

0.26 

. .  

Regression Equation 

_ _  - 
F = 1.44Fm - 0.20 a 

Fa = 1.54Fm - 2.34 

Fa = 0.08Fm - 0.22 

Fa = 1,05Fm - 0.02 

F = 1.32Fm - 0.13 a 

Fa = 0.44Fm - 0.16 

~~ 

Source of 
Measure- 
ment Data 

Radiosonde 
. _ ~ _ _ _ _  

Art i f i ci a1 
Earth 
Satel lite 
Art if icial 
Earth 
Satel 1 it e 
Radiosonde 

Art i f i ci a1 
Earth 
Satel 1 ite 
Artificial 
Earth 
Sate 11 ite 
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Planetary Distribution- . fo-r- Comparatively . . _-. ~ Short Time ~~. Intervals . . . .  

The reduction of results o f  measurements of emergent radiation made with 
the help of narrow-angle radiometers have permitted investigating the 
peculiarities of the global fields of  the Earth-atmosphere system's radiation 
balance and its components during short time intervals (the averaging was 
carried out mainly over three-month and two-week intervals). 

The first detailed investigations in this direction were carried out by 
J. S. Winston [37],  who constructed on the basis of Tiros IV and Tiros VI1 
satellite data maps of the geographical distribution of the radiation balance 
and its components for the individual months and all the seasons. The 
large-scale peculiarities of the field of the radiation balance (which is 
determined in the first place by the cloudiness conditions) are always 
sufficiently characteristic. The presence of broad maxima is typical for 
the long-wavelength emergent radiation in the tropics or the subtropics 
of both hemispheres, between which is located a belt of lower values of the 
emergent radiation associated with the intertropical convergence zone 
(Figure 21). The strongest decrease of the emergent radiation with 
in latitude occurs in the 20-50" latitude belt, and the latitudinal 
of the emergent radiation varies as a function of the time of year. 

cal / cm min 

S .  
_I 
7 a N .  Lat 

increase 
gradient 

Figure 21. 
Various Times of Year. 
1 - -  March-May 1962, 2 -- June-August 1963, 3 - -  September-November 1963, 
4 - -  December 1963 - February 1964. 

Meridional Profiles of the Long-Wavelength Emergent Radiation at 
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The latitudinal dependence of the albedo represents as a rule a mirror 
image of the latitudinal variability o f  the emergent radiation (Figure 22), 

since cloudiness is also the main factor which determines the variation of 
the albedo (but in the opposite direction). Desert regions, where high values 
of the albedo are accompanied by large values o f  the emergent radiation 
(due to the high temperature of the underlying surface and the small amount 

of clouds), comprise an exception. Other exceptions are observed. Thus, 
for example, in March-May 1962 a maximum of the albedo occurred to the south- 
west of California in the case of a very significant emergent radiation. This 
case should be ascribed to the effect of the stable cloudiness of the lower 
level. 

/e 

S 

I '  

,' ; ,'... ..... 
II : 2  

, .  

60 50 40 30 20 10 0 10 20 30 40 50 60 h"'N. Lat . 
Figure 2 2 .  Meridional Profiles of the Albedo at 
Various Times of the Year. 
Notation same as in Figure 21. 

The data of T. H. Vonder Haar and V. E. Suomi [44] are presented in 
Figure 23. 
radiation balance at various times of year and illustrate the fact that a 
strong increase in the amplitude of the annual variation of the radiation 
balance occurs as the latitude increases. The sharpest variation'in the 
nature of the meridional profile of the radiation balances are observed upon 
the transition from summer to fall. 

These data characterize the average meridional profiles of the 

The most detailed investigations of the glbbal fields of the radiation /g 
balance and its components have been carried out in recent years on the 
basis of the Nimbus I1 and Nimbus I11 satellite data [39-411. The Nimbus I1 
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data have permitted constructing world maps of the distribution of the 
radiation balance and its components over five consecutive two-week time 
intervals during the period from May 16 through July 28, 1966. 
resolving power of the five-channel radiometer mounted on Nimbus I1 varied 

from 50 km (near the subsatellite point) to 110 km (at a nadir angle of 40'). 

The accuracy of the measurements was about 22%. 

(in mapping the results) decreased from 560 x 560 km at the Equator to 
280 x 280 km at a latitude of 60". All the calculations were made on the 
assumption that the solar constant is equal to 2 cal/cm2-min. 

The spatial 

The scale of averaging 

The latitude-time cross sections obtained by E. Raschke and V. Bandeen 
[40] ,  which illustrate the peculiarities of the meridional profiles of the 
albedo A ,  the emergent radiation Fm, the radiation balance Rs, and the 
arrival of solar radiation outside the atmosphere's boundary Q 
periods of time (all the quantities are expressed in cal/cm2*min), are 
reproduced in Figure 24. 

at various 0 

cal/cm2*min 

S .  N. Lat. 

Figure 2 3 .  Meridional Profiles of the Radiation Balance 
at Various Times of the Year. 
1 - -  Wint<er (December, January, February), 2 - -  Spring 
(March, April, May), 3 - -  Summer (June, July, August). 
4 ,  Autumn (September , October , November) . 
Note: commas indicate decimal points. 
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Period 
N. Lat 
9 P  

- 
- 

60 - 
- 
- 

30 - 
- 
- 

3* I- .+ 

A =  R/S 
1 2  3 4 5  

0.60 

1 - 2 -0,275 
O,:'5rcX+ -5 . Max .-Min 

5-- 
Min? 

-0.25 

c 3 3 , 2 0  

F,. 
1 2 3 4 5  

RS 
I 2 3 4 5  

0 0  
1 2 3 4 5  

0,65 

-0.60 - 
7 0,50 

Figure 24. 
Radiation Balance and Its Components. Note: commas indicate decimal points. 

Latitude-Time Cross Section of the Two-Week Average Values of the 

An analysis of the data of Figure 24 and the maps mentioned above shows 
that the main peculiarities of the albedo field are sufficiently stable in 
time. Albedos greater than 55% are observed only over the Arctic ice cap 
and snow cover, especially in May, when the albedo of the polar cap amounts to 
about 7 5 % ,  decreasing (as the snow and ice melt) to 60% in July. The high 
values of the albedo of the Greenland glacier (75-80%) are steadily maintained 
during the year. As the latitude decreases, the albedo decreases to values 
less than 20% over the sparsely clouded regions of the subtropics. The 
albedo of the cloudless deserts of Africa and Arabia reach values which exceed 
35%. 

/e 

The variability of the emergent radiation reflects the peculiarities of 
the latitudinal variation already discussed above. We only note that the 
absolute minimum of the emergent radiation is recorded over Antarctica. 

Only during the period of July 1-15, 1966 over the central Arctic did 
a weak positive radiation balance occur (R < 0.03 cal/cm2*min). During this 

S 
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per iod  Greenland was a reg ion  o f  nega t ive  r a d i a t i o n  ba lance  ( t o  -0.12 cal/cm2* 

emin), which i s  caused by t h e  l a r g e  albedo.  During t h e  course  of t h e  e n t i r e  

2.5-month per iod  a zone o f  p o s i t i v e  balance covered t h e  Northern Hemisphere 

south  of  70-75" N .  Lat. and t h e  band 0 - 1 0 " s .  La t .  The maximum o f t h e  

r a d i a t i o n  balance i s  observed over  t h e  no r the rn  p a r t  o f  t h e  oceans o f  t h e  

sub t rop ic s  ( t h e  low albedo o f  t h e  oceans has  d e c i s i v e  s i g n i f i c a n c e ) .  

-zero  values  o f  t h e  ba lance  (small  nega t ive  va lues  were observed sometimes) 

a r e  c h a r a c t e r i s t i c  f o r  t h e  l a r g e  d e s e r t s  o f  North Af r i ca  and Arabia .  

Almost- 

The e s t ima tes  o f  t h e  r a d i a t i o n  balance and i t s  components f o r  t h e  

hemispheres and t h e  e n t i r e  Ear th  c a r r i e d  out  on t h e  b a s i s  o f  Nimbus I1 and 

Nimbus I11 d a t a  a r e  o f  g r e a t  i n t e r e s t .  The Nimbus I1 d a t a  a r e  presented  i n  

Table 3 obtained by E .  Raschke and V .  Bandeen [ 4 0 ] .  A s  i s  ev iden t ,  t h e  

E a r t h ' s  albedo v a r i e s  dur ing  t h e  pe r iod  under cons ide ra t ion  wi th in  t h e  

l i m i t s  o f  29-31%. The albedo o f  t h e  Southern Hemisphere i s  no t i ceab ly  smal le r  

during t h i s  pe r iod '  than  t h e  albedo o f  t h e  Northern Hemisphere , i n  connect ion 

with t h e  fact t h a t  An ta rc t i ca ,  with i t s  high albedo va lues ,  i s  loca ted  i n  

t h e  zone o f  p o l a r  n igh t  and t h e r e f o r e  does no t  i n t roduce  i t s  con t r ibu t ion  

t o  t h e  albedo o f  t h e  Southern Hemisphere. We no te  t h a t  i f ,  f o r  example, 

w e  take So = 1.95 cal/cm2*min, t h e  Ea r th ' s  a lbedo i s  equal  t o  30.9% dur ing  

t h e  pe r iod  June 16-30. 

The E a r t h ' s  r a d i a t i o n  temperature  undergoes small v a r i a t i o n  (254-255°K). 

m e  Northern Hemisphere is  approximately 3°K warmer than  t h e  southern  

hemisphere. The g loba l  r a d i a t i o n  balance has  mainly (with t h e  except ion o f  

t h e  time from May 16-31) a negat ive  s i g n ,  and it is  e s s e n t i a l l y  less than  -0.01 

cal/cm2.min ( i n  t h e  case  of S = 1.95  cal/cm2*min it amounts t o  a va lue  o f  

-0.02 cal/cm2*min f o r  t h e  June 16-30 pe r iod ) .  

by t h e  fact t h a t  t h e  nega t ive  balance o f  t h e  Southern Hemisphere is  no t  

0 
This  s i t u a t i o n  i s  determined 

compensated by t h e  p o s i t i v e  balance o f  t h e  Northern Hemisphere. 

A somewhat more c o r r e c t  reduct ion  of t h e  Nimbus I11 d a t a  E411 f o r  June 

16-30 and J u l y  1-15, 1969 gave albedo va lues  o f  29 and 31%, r e s p e c t i v e l y ,  

va lues  o f  0.330 and 0.338 cal/cm2-min f o r  t h e  emergent r a d i a t i o n  (which 

corresponds t o  r a d i a t i o n  temperatures  o f  252-253"K), and va lues  o f  t h e  E a r t h ' s  
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radiation balance of +0.002 and -0.004 cal/cm2-min (in the case under 
discussion So = 1.95 cal/cm2-min is taken). 
the radiation balance on the basis of the Nimbus I1 and Nimbus I11 data 
are very similar, with the exception of the fact that in the last case 
positive values of the radiation balance were obtained for the regions 
of the Sahara, Greenland, and the Arctic. 

The global distributions of 

TABLE 3 

RADIATION BALANCE OF THE EARTH-ATMOSPHERE SYSTEM AND ITS COMPONENTS FOR THE 
SEPARATE HEMISPHERES AND THE ENTIRE EARTH BASED ON THE NIMBUS-I1 DATA. 

- -. 

Period of the Lemil 
Measurements, sphere <.J 

1966 

May 
16-31 

June 
1-15 

June 
16-30 

July 

July 

1-15 

16-28 

._ 
N 
s 
W 
N 
S 
W 
N 
s 
W 
N 
s 
W 
N 
S 

0,216 
0,078 
0 . 1  17 
0.221 
0,096 
0 ,  14!1 
0.217 
0.07-4 
0,146 
0.210 
0.072 
0 , 1 1 1  
0,110:) 
0 .  OM 
0,143 

T, 

255,2 
" 2 , 7  
2551.0 
"6.0 
259,2 
254.8 
256,5 
253,5 
255.2 
257,O 
253,5 
255," 
256.8 
23.2 
255.2 

0 ,  B-15 
0,  x33 
0 ,  %X311 
0.350 
0 ,  x3-1  
0,312 
0,353 
0 ,  3:1G 
0.315 
0,356 
0 ,  336 
0.34G 
0 , 3-55 
0 ,x3 1 
0,315 

.~ 

(2 ~- R 

0,443 
0,238 
0 ,  :3-41 
0.453 
0.221 
0,337 
0 ,  -159 
0.217 
0,338 
0,460 
0,226 
0 , 3  13 
0, '150 
0,233 
0.31' 

Rs 

+o ,098 
-0,0115 
t 0.00'2 
+0,103 
-0,113 
-0,005 
+0,106 
-0,119 
-0,007 
+0, 104 
-0,110 
--PI 003 
+0, 095 
- 0,101 
--0,00:% 

The absolute values of the radiation fluxes are expressed in units of 
cal/cm2-min and the albedo in units of %; R is the reflected radiation 
(emergent short-wavelength radiation) , Q-R is the absorbed radiation and, 
T is the radiation temperature. Note: commas indicate decimal points. r 

A comparison of the observed and calculated average seasonal fields of 
the radiation balance and its components is of well-known interest. However, 
the difficulty of such a comparison consists in the fact that the calculated 
data with respect to the seasonal and monthly values of the radiation balance 
are descriptive mainly by the data on the emergent long-wavelength radiation. 
Therefore, it proved to be possible to carry out a comparison of the measured 
and calculated values only on a model of this component of the radiation 
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balance. 
reproduced in detail in 1601. 

The corresponding maps for all the seasons of the year are 

A comparison of the experimental average seasonal maps of the emergent 
long-wavelength radiation of the Earth-atmosphere system constructed on the 
basis of the data of 1421 -with the calculated climatological [45] maps reveals 
a clearly expressed qualitative agreement. 
measurements and the calculations a decrease of the emergent radiation Fm 

with an increase in latitude is observed in all seasons of the year. In the 

On the basis of the data of the 

winter the maximum values of F, occur in the near-equatorial latitude and /= 
have values which exceed somewhat 0.39 cal/cm2*min. 
0.30 cal/cm2-min are observed in the Southern Hemisphere, and 0.22 cal/cm2*min 

in the Northern Hemisphere. 
of the calculations and the measurements agree well enough. All the minima 
are located in the near-equatorial zone. The most significant maxima 
(F, 2 0 . 3 8  cal/cm2*min) occur in the Pacific Ocean over the Australian desert 
and partly over North and Central Africa and over South America. 

Minimum values of about 

The locations of the maxima obtained as a result 

The smallest deviations of  the measured and calculated values of the 
emergent radiation in the winter (December, January, February) occur in the 
Northern Hemisphere. Here, the zonality of the fie1.d of emergent long- 
-wavelength radiation is maintained to the greatest extent. 
that the isolines of the measured values are smoother than the isolines of 
the calculated values. In the Northem Hemisphere the deviations of the 
calculated values of the emergent radiation from the measured values are 
comparatively small. 

We should note 

In the Southern Hemisphere they are more significant. 

A similar nature of the variations of the emergent radiation is observed 
during the spring and fall periods. 
the absolute values is somewhat smaller than in winter. The emergent 
radiation varies from 0.30 cal/cm2.min (calciilations) and 0.26 cal/cm2*min 
(measurements) to 0.42 and 0.40 cal/cm2-min, respectively. The quantitative 
agreement of the measured and calculated values is worse than in the winter- 

time. In comparison with the winter, the maxima are shifted somewhat to the 
north. 

In the summer the range of variation of 

The zonality is disrupted. Although the qualitative picture of the 



geographical  d i s t r i b u t i o n  o f  t h e  emergent r a d i a t i o n  on t h e  b a s i s  o f  t h e  

d a t a  o f  measurements and c a l c u l a t i o n s  i s  very similar i n  t h e  summer, a 
s i g n i f i c a n t  discrepancy i s  observed i n  t h e  q u a n t i t a t i v e  r e s p e c t .  

values  exceed t h e  c a l c u l a t e d  va lues  almost everywhere. 

The measured 

Thus, a comparison o f  t h e  c a l c u l a t e d  c l i m a t o l o g i c a l  s easona l  maps o f  

t h e  emergent r a d i a t i o n  o f  t h e  Earth-atmosphere system with t h e  map cons t ruc t ed  

on t h e  b a s i s  o f  t h e  d a t a  o f  measurements from sa t e l l i t e s  showed t h a t ,  as a 

r u l e ,  t h e  measured va lues  exceed t h e  c a l c u l a t e d  va lues  i n  a l l  seasons o f  

t h e  yea r .  

i n  t h e  win te r  and s p r i n g .  I n  t h e  s p r i n g  i n  some reg ions  o f  t h e  Northern 

Hemisphere an i n c r e a s e  occurs  i n  t h e  c a l c u l a t e d  va lues  over  t h e  measured 

va lues .  

va lues .  

The smallest d i s c r e p a n c i e s  are observed i n  t h e  Northern Hemisphere 

The r e s u l t s  concerning t h e  maps a r e  v a l i d  f o r  mean l a t i t u d i n a l  

A comparison o f  t h e  c a l c u l a t e d  va lues  o f  t h e  mean l a t i t u d i n a l  p r o f i l e s  

o f  t h e  emergent r a d i a t i o n  with t h e  measured p r o f i l e s  showed (Table 4) t h a t  

i n  a l l  seasons o f  t h e  y e a r  an  i n c r e a s e  o f  Fm i s  observed from t h e  po le s  t o  

t h e  Equator.  

measured values  v a r i e s  w i t h i n  t h e  range from +0.01 t o  -0 .03 cal/cm2-min f o r  

s p e c i f i c  l a t i t u d e s .  

On t h e  average t h e  d e v i a t i o n  between t h e  c a l c u l a t e d  and 

Comparisons o f  t h e  average va lues  o f  t h e  r a d i a t i o n  balance and i t s  

components obtained by means o f  c a l c u l a t i o n  and from measurements made by 

t h e  Kosmos-144 s a t e l l i t e  have been c a r r i e d  out  i n  t h e  paper  o f  L .  V .  

Berkovich [59] .  The d a t a  o f  an a c t i n o m e t r i c  g r i d  o f  s t a t i o n s  f o r  J u l y  1967 

were a l s o  used. 

of t h e  e f f e c t i v e  r a d i a t i o n  o f  t h e  E a r t h ' s  s u r f a c e ,  t h e  emergent r a d i a t i o n ,  

and t h e  inf low o f  h e a t  t o  t h e  e n t i r e  t h i ckness  o f  t h e  atmosphere with t h e  

corresponding measured va lues .  The average va lues  of  t h e  emergent r a d i a t i o n  

amounted t o  0.419 cal/cm2*min and t o  0.404 cal/cm2*min on t h e  b a s i s  o f  t h e  

d a t a  from t h e  measurements. 

/= 

This procedure pe rmi t t ed  comparing t h e  c a l c u l a t e d  values  

L .  N .  D'yachenko and K .  Ya. Kondrat 'ev [ 5 6 ,  581, c a r r y i n g  ou t  similar 

comparisons i n  1966, ob ta ined  on t h e  average, a value o f  Fm = 0 . 3 3  cal/cm2*min 

on t h e  b a s i s  o f  89 c a l c u l a t e d  cases and Fm = 0.34 cal/cm2-min on t h e  b a s i s  o f  

74 cases  of  measured va lues  ( T i r o s  111).  
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C o r r e l a t i n g  t h e  va lues  Fa c a l c u l a t e d  according t o  K .  Ya. Vinnikov's 

model with t h e  va lues  measured by t h e  T i r o s  I11 s a t e l l i t e ,  t h e  au tho r s  

[ 5 8 ]  obtained a l i n e a r  dependence, although t h e  c o r r e l a t i o n  d i d  n o t  appear  

t o  be too  high.  A similar dependence was ob ta ined  upon t h e  c o r r e l a t i o n  o f  

t h e  values  o f  t h e  emergent r a d i a t i o n  measured wi th  t h e  h e l p  o f  a c t i n o m e t r i c  

radiosondes and t h e  c a l c u l a t e d  values  f o r  f o u r  p o i n t s  i n  t h e  Sov ie t  Union 

(Dolgoprudnyy, Vysokaya Dubrava, Kiev, and Tashkent) .  This  dependence proved 

t o  be l i n e a r  with t h e  c o r r e l a t i o n  c o e f f i c i e n t  r = 0.90.  

TABLE 4 

MEAN LATITUDINAL VALUES OF THE EMERGENT RADIATION OF THE EARTH-ATMOSPHERE 
SYSTEM FOR THE FOUR SEASONS OF THE YEAR ON THE BASIS OF DATA FROM CALCULATIONS 
AND MEASUREMENTS (cal/cm2 "in) . 

Latitude, Winter 
Degrees izlc. [,Meas. 

I-.--- 

SO- - 70 N. 
70 (io 
(io . 5 0  
50 -- -1(1 
-10 - 3 0  
30 --20 
20 - -10 
10-0 

IO - 20 
')0~--:30 
30- 4 0  
-40- 50 
50 - 60 
60.- 70 
i0- SO 

Earth as 
a Whole 

0 - - i o  S. 

- - .  

Spring 

Calc. 

0,249 
0,271) 
0 ,  "4 
0,293 
0.313 
0 .3  I8 
0 , 3 4  4 
0 ,  33.5 
0,3l l  
0,342 
0,3:3:i 
0,315 
0,295 
0,279 

- 

0,31 

Meas, 

0 ,21 
0 , X  
0,28 
0,30 
0 ,  
0 , 3 G  
0.42 
0 ,  ;l(j 
0,  
0,3F 
0.36 
0,34 
0,oo 
0,27 
0,23 
0,20 

0.33 

_-I 

~ 

Summer 

Calc. IMeas. 
_____ 

I 
0,285 
0,2!)4 
0,299 
0,315 
0,340 
0,358 
0,321 
0,320 
0, ,344 
0 , .'3-I -1 
0.3'25 
0 ,305 
0,472 
0,271 

0.33 

0.29 
0.31 
0,33 
0,35 
0.36 
0,36 
0 ,35  
0 . *3-L 
0,37 
O,?A 
0 , I b  
0 .33  
0,29 
0,26 
0 ,22  
0,19 

0 ,33  

- 

Calc. 

0.355 
0,276 
0,284 
0,303 
0,313 
0,357 
0,359 
0,329 
0,339 
0.311 
0,332 
0,315 
0,300 
0,275 

__- 

0,33 

Ueas. 

0.25 
0,27 
0,30 
0,33  
0,35 
0,37 
0,37 
0,37 
0,30 
0,39 
0,37 
0.35 
0,32 
0,30 
0,27 
0,23 

0,34 

-- 

Note: commas indicate decimal points. 

U t i l i z i n g  t h e  Nimbus I1 d a t a ,  E .  Raschke and W .  R.  Bandeen [40]  

i n v e s t i g a t e d  t h e  day-to-day v a r i a b i l i t y  o f  t h e  p l a n e t a r y  f i e l d s  o f  albedo and 

emergent long-wavelength r a d i a t i o n ,  and they a l s o  c a r r i e d  o u t  a s ta t i s t ica l  / g  
r educ t ion  o f  t h e  measurements' r e s u l t s  with t h e  purpose o f  c o n s t r u c t i n g  

g loba l  maps o f  t h e  d i s p e r s i o n s  o f  A and Fm. 

one 's  a t t e n t i o n  i s  drawn f i rs t  o f  a l l  t o  t h e  fac t  t h a t  t h e  f i e l d  o f  t h e  

Upon an a n a l y s i s  of  t h e s e  maps 
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dispersions is a graphic representation o f  the location of the main regions 
of the cyclonic activity and other synoptic features. Thus, for example, 
the albedo's dispersion reaches maximum values (12.5%) in a belt of the 
intertropical convergence zone. A large value of the dispersion o f  the 
albedo in the emergent radiation is observed in the southern part of the 
Pacific Ocean, which is known as a zone of high frequency of cyclones. 
A similar situation occurs in the North Atlantic (50-60' N. Lat.). On the 
contrary, small values of the dispersions are characteristic for extensive 
regions o f  the subtropics o f  both hemispheres. The day-to-day variability 
of the fields of the albedo and the emergent radiation is primarily determined 
by the effect of cloudiness. 

Comparison with Data of Independent -- ~- Measurements. Although the 
quality of the measurements has reached a sufficiently high level as the 
result of the improvement of satellite actinometric instrumentation, the 
problem of comparing the data of such measurements with the results of 
independent measurements carried out in particular from airplanes and 
balloons undoubtedly remains an urgent one. In order to achieve more 
successful interpretation of the data of satellite actinometric measurements, 
combined experiments which have as their purpose the accomplishment of 
simultaneous measurements of the radiation characteristics with the help 
o f  ground-based, airplane, balloon, and satellite instrumentation are 
particularly necessary [67-701. Of course, comparison of heterogeneous 
(primarily from the point of view of spatial averaging) data represents a 
complicated problem. 
is mainly of a systematic nature and does not offer possibilities for 
reliably controlling the quality of actinometric information. 

Therefore, the work carried out up to the present time 

Comparing the data of satellite measurements of the albedo with the 
results of balloon measurements is of  interest. In Table 5 a smmary is 
given of the albedo values quoted from K. Ya. Kondrat'ev, G. N. Gayevskaya, 
and G. A. Nikol'skiy's papers [66] and averaged over a small number (about 10) 
balloon ascents which were carried out in the summer and fall of 1962 under 
various meteorological conditions. The measurements were conducted in the 

/E 
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c e n t r a l  part  of t h e  European t e r r i t o r y  o f  t h e  USSR a t  a l a t i t u d e  o f  about 

50' N .  Lat. 

- - -~ . . - . 

May 
June 
June 
November 
November (with snow) 

~ 

TABLE 5 

- 

RESULTS OF BALLOON MEASUREMENTS OF THE EARTH-ATMOSPHERE'S 
ALBEDO 

2 1 . 5  
3 4 . 0  
2 0 . 0  
21.0 

- . ~  62.0 . .  - .  - .  ~. 

I 
~. i 

No. o f  
cases 

2 
3 
3 
1 
1 _ _ _ ~ -  L 

A comparison o f  t h e  d a t a  o f  Table 5 with t h e  r e s u l t s  o f  corresponding 

s a t e l l i t e  measurements i n d i c a t e s  a r a t h e r  c l o s e  agreement (un fo r tuna te ly ,  

c o r r e c t  q u a n t i t a t i v e  agreement t u r n s  o u t  t o  be impossible  i n  t h e  p r e s e n t  c a s e ) .  

E .  P .  Barashkova, V. L.  Hayevskiy, K .  Y a .  Kondrat'ev, and G .  A. Niko l ' sk iy  

[67],  cont inuing t h e  experiment o f  comparing a i r p l a n e ,  ba l loon ,  and s a t e l l i t e  

measurements o f  t h e  r a d i a t i o n  balance o f  i t s  components, c a r r i e d  out a 

combined experiment on June 27, 1967, when a t  t h e  i n s t a n t  o f  t h e  Kosmos-156 

s a t e l l i t e ' s  passage over  t h e  c i t y  o f  Petrovsk (Privolzhskaya Mountain) ground- 

-based a i r p l a n e  ( a t  an a l t i t u d e  o f  8 . 4  km), and ba l loon  ( a t  an a l t i t u d e  o f  

30 km) measurements o f  t h e  r a d i a t i o n  f l u x e s  were a l s o  c a r r i e d  o u t .  We w i l l  

d i s c u s s  t h e  r e s u l t s  of t h i s  experiment as given i n  [67]. 

A t  6 hours 40  minutes Moscow time t h e  a i r p l a n e ,  ba l loon ,  and t h e  

Kosmos-156 meteorological  s a t e l l i t e  were loca ted  over  t h e  same p o i n t .  For 

comparison n a d i r  r ead ings  o f  t h e  scanning dev ices  made i n  t h e  t h r e e  s p e c t r a l  

regions o f  0 . 3 - 3 ,  3 -30 ,  8-12 microns were used from t h e  s a t e l l i t e  d a t a .  The 

complexity o f  comparing t h e  r e s u l t s  o f  measurements corresponding t o  d i f f e r e n t  

a l t i t u d e s  c o n s i s t s  i n  t h e  fact t h a t  t h e  areas viewed by t h e  r a d i a t i o n  

r e c e i v e r s  are d i f f e r e n t ,  and t h e  underlying s u r f a c e  i s  nonuniform i n  t h e  

r a d i a t i o n  sense.  This  s i t u a t i o n  makes t h e  problem o f  t h e  r educ t ion  of  t h e  

averaging s c a l e s  a d i f f i c u l t  one t o  so lve .  
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In Table 6 are indicated the radii rl (in km) of the circles 
corresponding to different view angles c1 and various altitudes H. 

a" 

- ~- 

4 
6 

140 
180 

H km 
10 20 30 600 

0.349 0.698 1.045 20.94 
0.524 1.048 1.572 31.44 
27.47 54.94 82.41 1,648.2 
385 544 667 2,982.2 

Because of the Earth's curvature the radius of the area viewed at 
a = 180" is limited by the detection range, which was calculated from the 
equation D = 3.85fi, where H is in meters. 

The area viewed by the satellite scanning receiver at the nadir amounts 
to 41.88 x 62.9 = 2,634.25 km2. 
receiver with a view angle of a = 140" from an altitude of H = 10.3 km 
(r = 29 km). 

Approximately the same area is viewed by a 

In the simplest case when the brightness of the underlying surface J 
is constant and the medium between the underlying surface and the radiation 
receiver is optically empty, the energy irradiance from a circle with a radius /55 - 
of r of a horizontally-mounted detector with a view angle a and an area S 

at an altitude of H is equal to 
0 

.r2z = ~ J s  sin* . 0 HL+r 0 F = vJS 

This relation permits one to estimate the contribution of circles o f  

various radii to the total energy received. The radii r (in km) of the 
circles which provide a contribution rl equal to 0.5; 0.6; . . . ;  0.95 of the 
upward radiation flux at a = 180' are presented in Table 7. 

2 
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TABLE 7 

RADIATION FLUXES AND FIELDS OF VIEW 

. . .  . . > .  

. _ .  . 

12.2 
15.2 

24.3 30.3 
36.3 45.3 

~ F .  = 1 _ _ _ ~  = ~ . ~. 

- . .  . =Q= . . . . . . . II I L . .  . . . . . . .  = 

0.8 0.9 -1 0.95 
I = . . .  - .  . . . . . - . . . . . 

15.8 23.7 33.8 
19.8 29.6 42.2 
39.3 58.1 82.3 
58.6 86.3 120.3 

A circle with a radius of r = 29.8 km, which corresponds in cross section 
to a rectangle viewed from the satellite, provides the following contribution 
to the upward radiation flux at an altitude of H :  

H k m .  . . 5  10 15 20 25 30 
q ,  . . . . 0.97 0.89 0.79 0.68 0.58 0.48 

In order to obtain values of q which correspond to actual conditions, 

it is necessary to have available data on the radiation's angular distribution 
at various altitudes. 

We will compare the individual components of the radiation balance 
measured at various levels in the atmosphere. Stable anticyclonic weather 
was observed in the region of the comparisons. 
instant of comparison was 25'. 

The Sun's altitude at the 

Total Radiation Q. Based on the data of ground-based stations the 

average value of the total radiation at 6 hours 30 minutes was 0.495 cal/cm2* 
*min for an average solar altitude of 22.6'. 
to hg = 25', t h e  equation 

constant, 9 is the zenith angle, and f is a coefficient characterizing the 
atmosphere ' s properties. 

In order to reduce this value 
s,, C k  0 

Q= , , f c o s l l  was used, where So is the solar 

For hO Q = 0.57 cal/cm2*min is 'obtained. 

For the satellite's altitude Q = S sin hG Taking account of the 0 
correction for the Sun-Earth distance, we have So = 1.91 cal/cm2-min and 
sin hg = sin 25' = 0.423. Consequently, Q = 1.91 x 0.423 = 0.81 cal/cm2-min. 
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Thus, the values of Q at various altitudes are as follows (Table 8 )  

c a1 / cm2 emin 
- 

0.57 
0.67 
0.80  
0.81 

H km AQ 

0.10 
0.13 
0.01 
0.23 
0.24 

0 (Earth) 
8.4 (Airplane) 
30 (Balloon) 
600 (Satellite) 
0-30 
0-600 
. . . .  - . . . .  

TABLE 8 

TOTAL RADIATION 
. .  

9 
~. . .  

Reflected Radiation R. Based on the data of ground-based observations 
~. ~ ~ ~ 

the reflected radiation at 6 hours 30 minutes varies from 0.09 to 0.13 
cal/cm2*min. The average value is R = 0.11 cal/cm2.min. 
the Sun's altitude from 22.5 to 25' the albedo of thick grain grass decreases 
by not more than 0.02 A, whereby 

Upon a change of 

0 11 
0.50 0.02) := - 1- X 0.98 -: 0.21 8.  

Thus, = 0.57 x 0.218 = 0.12 cal/cm2-min 
'0 =25 

Measurements of the reflected radiation were carried out from an airplane 
with two instruments: 
actinometric instrumentation. The view angle of the latter instrumentation 
is equal to 140". The instrument's readings are reduced to a view angle of 
180" by the introduction of the factor 1/0.885. 

The transition from the readings of the scanning instrument mounted on 

a pyranometer and a wide-angle detector of the satellite 

a satellite to the upward flux of short-wavelength radiation was carried 
out with the help of the scheme of K .  Shifrin et al., [71]. 
of this scheme the following values of the upward flux of short-wavelength 
radiation (cal/cm2*min) correspond to the nadir values of the intensity of 
reflected radiation Jr,  which is equal to 0.03-0.04 cal/cm2*min-ster for 
the Petrovsk region: 

On the basis 
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. _ _  . . . . . ... . . - . . _. - .. - -- 
I 

0 
8.4 

30 
600 

Therefore, we obtain for ho = 2 5 " :  

0 13 
0,15)6.1G 

0.165 
0.12-0.1 5 

~~~~ 

0.12 
0.04 Ogo3 1 0.15 

0.09 
0.12 

A composite table of the values of R at various altitudes (km) has the /E 
following form: 

______ 
I I 

I I 
0.10 
0.18 

.- 

0.20 

Here, for comparison the values are also presented of R*, which are 
the results of the calculations of K. S. Shifrin and N. P. Pyatovskaya [72] 

for the standard radiative atmosphere (optical thickness of 0.3, horizontal 
range of visibility of 20 km, precipitable water content of 2.1 g/cm2, and 
carbon dioxide gas content of 264 atm cm) and for grass cover. The values 
of R* for hg = 25" are obtained by interpolation of the data in Table 7. 

The values of the emergent radiation derived with the help of K. S. 
Shifrin's scheme on the basis of satellite data seem somewhat underestimated, 
since in the first place the transition from H = 10 km to H = 600 km should 
be accompanied by some increase in R, and in the second place, it is difficult 
to expect any variation of the values of R above 30 km. The airplane and 
balloon measurements give consistent results. 

Radiation Temperature. -- On the basi-s of the data of ground-based 
stations, the surface's temperature at 6 hours 30 minutes in the territory 
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within the range 50" N. Lat. < $I G 55" N. Lat. and 35" E. Long. 4 X 50" 

E. Long. varied from 17 to 26" (the ground temperatures were 17 and 24" at 
the stations nearest to Petrovsk). 

( I  17-26 
? ( I  15-20 
.30 

600 8-1 1 
- 

On the basis of airplane measurements, the radiation temperature T r 
varied from 15 to 19". 
introduced for the transition to the true surface temperature, varies from 6.5 
to 8". 

A correction to the radiation temperature AT, 

0 17-26 
6-8 21-88 

15 23-26 
- - 

A correction obtained by K. Ya. Kondrat'ev, E. P. Novosel'tsev, and 
N. E. Ter-Markaryants [7J] for the Volgograd region on the basis of long-term 
average values of the temperature and the air's humidity in June was 
introduced to the radiation temperature measured from the satellite. 
this case AT = 15". 

In 

The values of the radiation temperature at various altitudes H km 
are presented in the following table: 

On the basis of the airplane measurements in the Petrovsk region at an 
altitude of 8.4 km with the help of the instruments mentioned, the following 
values were obtained for the upward flux of long-wavelength radiation in 
units of cal/cm2-min: 
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Type of i n s  t rumen t 
i . 1 

Wide-angle. . . . . . . . . .  0.410 
Scanning. . . . . . . . . . .  0.425 
Meteorological 
Average . . . . . . . . . . .  0.418 0.473 

The f a c t o r  1/0.885 was introduced f o r  t h e  t r a n s i t i o n  t o  a view angle  

o f  180'. 

On t h e  b a s i s  o f  t h e  d a t a  o f  t h e  ba l loon  measurements a t  an a l t i t u d e  

o f  8 .4  km, t h e  upward f l u x  o f  long-wavelength r a d i a t i o n  i s  equal t o  0.363 

cal /cm2*min. 

The discrepancy o f  t h e  values  o f  F +  measured from t h e  a i r p l a n e  and t h e  
L 

ba l loon  amounts t o  about 28%. Such a discrepancy i s  caused p r i m a r i l y  by t h e  

comparatively low accuracy o f  t h e  measurements; t h e  d i f f e r e n c e  i n  t h e  t ime 

a t  which t h e  measurements were made (90 min) i s  probably ano the r  reason f o r  t h e  

discrepancy.  

i s  about 8%; t h e  e r r o r s  of t h e  measurements by t h e  bal loon instruments  
do no t  exceed 5% i n  t h e  t roposphere and 11% i n  t h e  s t r a t o s p h e r e .  

The accuracy o f  t h e  measurements by t h e  a i r p l a n e  instruments  

The f l u x  of r a d i a t i o n  f o r  H = 600 km i s  c a l c u l a t e d  as F t  = TJ where L L' 
J i s  t h e  b r i g h t n e s s  a t  t h e  n a d i r  on t h e  b a s i s  o f  t h e  d a t a  f o r  measurements L 
from t h e  s a t e l l i t e .  The r e s u l t s  o f  a comparison o f  t h e  f l u x e s  F t  measured 

a t  var ious a l t i t u d e s  are p resen ted  i n  Table 9 ,  
L 

TABLE 9 

UPWARD LONG-WAVELENGTH RADIATION (cal/cm2 emin) 
_c_ -- 

I I 

H km ' Ground-based, a i r p l a n e ,  and -'----- 600 0 .41  

_ _  s ate1 l i t e  measurements 

0.58-0.65 

- -  50 

1 Balloon measurements 

0.58 
0.36 
0.41 

Calculated 
d a t a  

0.53 
0 .37  
0.34 
0.35 
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The results of the calculations of Kondrat'ev and Niylisk [74] for the 
standard atmosphere are presented in this same table. 

In order to obtain reliable results for the comparison of the values of 
F+ at various levels, we should carry out simultaneous measurements with the 
different instruments at one and the same level; this procedure permits 
obtaining a clearer idea as to the effect o f  the measurement errors. 

L 

It is natural that the first attempt at synchronous investigation 
of the three-dimensional structure of the radiation field in the atmosphere 
with the help of instrumentation mounted on airplanes, balloons, and 
satellites, in combination with the data of a ground-based grid of actinometric 
station<, gave results which are useful from the point of view of the rational 
planning of subsequent investigations. As should have been expected, the 
deviations of the results from the measurements of the upward long-wavelength 
radiation fluxes turned out to be significant, which once more emphasizes 
the urgency of the problem of increasing the accuracy of thermal radiation 
measurements. The agreement of the data from the measurements of short- 
-wavelength radiation ought to be considered unexpectedly good: the multi- 
plicity of sources of errors not taken into account has prompted the expectation 
of significantly poorer agreement. It is indisputable that the carrying out 
of a combined experiment with the application of well-studied and unified 
instrumentation is a problem for further work. 
procedure for reducing the data from satellite measurements (a scheme for the 
conversion from the readings of detectors with a restricted view angle to 
hemispherical radiation fluxes) and attentive study of the problem of the 
averaging scales have important meaning. The simultaneous execution of 
measurements of the angular and spectral distribution of the radiation have 

exceptionally important meaning for the correct interpretation of  the resuits 
obtained and for a more complete specification of the radiation field. 
This situation permits making further steps toward the realization of a 
combined radiation experiment [67-701. 

The improvement of the 

The Solar Constant. Since only short-wavelength radiation reflected by 
the Earth into space is measured from satellites, the problem of the solar 
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constant acquires fundamental meaning for determining the albedo and the 
absorbed radiation. Until recent times the value for the solar constant 
of 2.00 cal/cm2*min has been considered to be generally accepted. 
measurements carried out during recent years [75, 761, and in particular 
the balloon measurements of the solar radiation made for many years by 

workers at Leningrad University [76, 831, have shown that the actual value 
of the solar constant is about 1.94 cal/cm2*min. 
value is the maximum possible and is observed when the Wolf numbers are of 
the order of 80-100. 
or a decrease), the solar constant decreases, and the maximum decrease reaches 
2-2.5%. If this result is confirmed by the data of direct satellite measure- 
ments (and there is significant necessity of this), it is evident that the 

necessity arises of completing a program o f  satellite actinometric measurements 
and carrying out continuous measurements of the solar constant for the 
purpose of monitoring its variation. 

However, 

According to [76], this 

As the Wolf number varies (in the direction of an increase /60 - 
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